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ABSTRACT

An RC car was designed, analyzed and manufactured to compete in the ASME RC Baja
competition. The focus was to optimize the suspension and chassis components to minimize the
weight while maintaining the structural strength of the components which would intern
supplement the overall speed and stability of the vehicle. Other components were the
responsibility of the teammate Cam Jamison. To complete this there was extensive research done
on Traxxass RC cars and what went into making a high performing vehicle that would compete
well in the 3 races that comprise the competition (slalom, sprint, and obstacle course). There
were then designs produced using structural stress analysis with methods from statics, mechanics
of materials, and mechanical design. Moreover, 3D Computer Aided Design and Finite Element
Analysis was used for more complex loading scenarios to thereby increase or reduce the crosssectional area where necessary. The manufacturing process of 3D printing was used for the
creation of the suspension components as it allowed the use of light weight yet strong materials
and the manufacture of complex component designs that would otherwise be tremendously
challenging to produce in a timely and cost-effective manner. The car surpassed its expectations
after the optimization of the final assembly. The stiffened suspension allowed for a 10% decrease
in the compression of the coils on the 3-foot drop test of the vehicle. Meeting all the
requirements allowed the car to complete the slalom test, sprint test and obstacle test on average
10% faster than predicted.
Key words: RC, Chassis, Suspension, Baja, Car, 3D, CAD, FEA, 3D Printing, Additive
Manufacturing, Finite Element Analysis, SolidWorks
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1. INTRODUCTION
A. DESCRIPTION
The Central Washington University RC Baja Team, LJM, comprising of Paul Lervick and Cam
Jamison, were required to build a remote-controlled vehicle for the ASME radio-controlled Baja Car
Contest sanctioned by Remotely Operated Auto Racers (ROAR) and hosted by Central Washington
University. These students used their engineering education acquired in the past years of their
enrollment in the Mechanical Engineering Technology program to design and manufacture a RC car
that meets the ASME contest criteria to the best of their ability.
B. MOTIVATION
This Project was motivated by the need for a device that would be eligible to compete in the ASME
Baja Car Contest. Moreover, this device would be a vehicle that must meet all the requirements
stated in the RADIO-CONTROLLED BAJA CAR CONTEST RULES. In more specificity, Paul
and Cam chose to pursue this competition and project because they have a shared interest in the
interworking’s of automotive vehicles and the engineering that goes into a project of this scope. This
proposals focus will be on Paul’s contributions to the project. Paul’s focus for this project is on the
chassis and suspension related components of the vehicle whereas Cam’s focus is on the drivetrain
and steering.
C. FUNCTION STATEMENTS
The components designed and manufactured for this proposal must be able to function as stated
below.
•

The chassis must provide a stable frame for the vehicle and allow for attachment of all
components. Figure 1-1 displays the various components that the chassis must support
attachment to.

Figure 1-1: Chassis attachments
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•

The suspension must maximize the friction between the tires and road surface during
acceleration, cruising, and braking while providing steering stability with optimal handling.
Front View of RC Car in Flat Terrain
Coil Spring
Suspension Tower
Wheel

Upper Control Arm

Suspension Strut

Chassis

Lower Control Arm

Full Contact with Ground

Front View of RC Car in Uneven Terrain

Coil Spring Compresses

Control Arms Rotate
Chassis Remains Level and Stable

There is still full contact with ground in both wheels

Figure 1-2: Display of how the independent suspension system functions.

8

D. REQUIREMENTS
These requirements will pertain to the chassis and suspension and their function statements above.
❖ CHASSIS
➢ Must not deflect in the center more than 0.05 inches when a load of 10 pounds is applied.
➢ The front guard on the 10lb R/C car chassis must not fracture when subjected to an impact
of a brick wall when traveling 30 mph.
➢ Must have at least 1 inch of clearance when the wheels are steered 45 degrees in either
direction.
➢ Must supply enough mounting locations for all the drivetrain, steering, suspension, and
electronic components.
➢ Must not deflect more than 0.05 inches in the center when it is dropped from a height of 3
feet.
❖ SUSPENSION
➢ The front suspension arms must not deflect more than .1 inches when the Baja Car is
dropped from 3 feet.
➢ The suspension spring must not compress to under 50% of its length when dropped from 3
feet.
➢ When each suspension tower arm is under a fluctuating load of 0-10 lbs. the arm must
sustain a design factor of at least N=3.
➢ The control arms must be able to hold the shock at an angle of 40 to 50 degrees.
➢ The suspension tower must be able to withstand a horizontal 10 lb. force without deflecting
more than 0.05 inches.
➢ The control arms must not deflect more than 0.03 inches when a horizontal 10 lb. load is
applied to the front at wheel connection point.
E. ENGINEERING MERIT
The completion of this project required the ability of those designing and manufacturing this device
to understand how to meet the specified needs for a given well-defined engineering problem.
Furthermore, this engineering problem being the requirement to build and design a fully functioning
RC car that meets the criteria for the ASME RC Baja Competition. The design and manufacturing
of this car drew heavily on different engineering methods. Specifically, for the suspension and
chassis, the use of methods and concepts derived from statics, mechanics of materials, technical
dynamics and mechanical design. Moreover, all these methods were used to create and analyze
effective and efficient designs.
F. SCOPE OF EFFORT
This project is occurring in concordance with the senior year of the Mechanical Engineering
Technology program at Central Washington University, hence, Paul and Cam had a finite amount of
time to design and manufacture a functioning RC car. So, the scope of effort must be made clear to
ensure this goal could be achieved. Paul’s focus will be on analyzing and designing the suspension
9

and chassis. More specifically, components being analyzed and designed were the front and rear
suspension towers and front and rear control arms, electrical fastening components, front bumper,
and the chassis or frame. Other than Cams contribution, all the other components will be purchased
allowing the schedule to be sustained.
G. SUCCESS CRITERIA
This R/C vehicle is tested and completes all the challenges (e.g. sprint, slalom, motocross) in first
place.
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2. DESIGN & ANALYSIS
A. APPROACH: PROPOSED SOLUTION
The Central Washington University RC Baja Team, LJM, comprising of Paul Lervick and Cam
Jamison, were required to build a remote-controlled vehicle. The solution, being focused on Paul’s
contributions, were the design of the chassis and suspension. Selection of the design was motivated
by its favorable cost, weight, precision prediction, aesthetic, and manufacturability as displayed in the
decision matrix Table 1 below.

Table 1: Decision Matrix Displaying Design #1 Being Favorable.

B. DESIGN DESCRIPTION
The design for both the chassis and suspension has undergone several revisions and may still see
updates in the future. Below, in Figure 1 and Figure 2, the initial sketches for the chassis and layout
of components can be seen. These sketches do not take into consideration dimensions, material, or
suspension but were simply an exercise to determine what might be a favorable design.

Figure 1: Alternative chassis design sketches

Figure 2: Chosen chassis design sketch

As the project progressed many of the design parameters for the chassis and suspension were
determined. The length of the chassis was determined by acquiring measurements of all the
components required to fit on the chassis and arranging them in the most efficient way to minimize
the amount of area the chassis needed to mount them. It was found that the Chassis was going to be
15 inches + 0.5 inches. A SolidWorks 3D model of the chassis and suspension components
assembled can be seen in Figure 3.
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Rear Suspension Tower
Suspension Strut and Coil Spring

RC Chassis
Front Suspension Tower

Rear Lower Control Arm

Front Lower Control Arm

Figure 3: Chassis and suspension components assembled

This illustrates the final design of all the components that were developed by Paul. Components
such as the actual suspension struts, wheels and tires were purchased. Seen in Figure 4 is the
completed LJM RC BAJA which is including the drivetrain and steering components developed by
teammate Cam Jamison.

Motor And Differential Assembly

Steering Assembly

Figure 4: Finalized LJM RC BAJA design
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C. BENCHMARK
The benchmark for this project is that of Traxxes RC cars. Although for this project, there wasn’t
nearly enough time and resources to produce a professional level RC car, such as that of Traxxas RC
cars, the one produced for this project is comparable in the sense that it is able to perform all the
same functions as a Traxxas RC car, specifically the Traxxas Rustler being a 1/10th size rear wheel
drive RC car which is similar to the one proposed for this project.
D. PERFORMANCE PREDICTIONS
Considering the inexperience of the LJM team in producing RC cars, this vehicle will likely not
compare to that of professional RC Baja cars. However, the RC Baja car that is produced for this
project will be high quality and durable while remaining completely operational.
Team LJM predicts that their RC car will be able to travel up to 30 miles per hour whilst
maintaining control. The chassis will not deflect more than .3 inches when a 20-pound load is
applied to the center, and the suspension towers will support at least 5 pounds of force from each
connection to strut.
E. DESCRIPTION OF ANALYSIS
Many analyses were used to determine the optimal shape and size of the components being built.
These analyses try to examine all the different circumstances that the components will be under to
ensure that whichever design is chosen is able to perform as intended. Specifically, from statics, freebody-diagrams were used to determine load and forces on the given component. Also, Mechanics of
materials and mechanical design were used to determine internal stresses then to find the optimal
corresponding component design. Please see Section 2.g. for detailed information on each
individual analysis.
F. SCOPE OF TESTING AND EVALUATION
For this proposal, Paul Lervick is responsible for testing and evaluating the chassis and suspension
components. Using tools at Central Washington University these components underwent different
tests that align with the requirements stated Section 1.d. and were revaluated after the tests to
determine if each component passes the criteria or if their needs to be redesigns.
G. ANALYSIS
I. ANALYSIS 1 – PART A: MAXIMUM FORCES IN SUSPENSION ARM SECTION

Requirement:
The RC car suspension must be able to support the load of all the components on the vehicle.
Hence, each suspension tower arm must be able to support a 5-pound load while staying under the
internal stress of 10 ksi. The design proposed in this analysis is optimizing for the smallest cross
section. This will benefit the overall weight and size of the RC car.
Analysis:
The suspension arm on the suspension tower was being assumed to be 1 inch in length and a
straight member to allow for a simple fixed supported beam evaluation. There was a safety factor of
1.5 considered for this design so the load was increased to 10 lb. Also, it is designed so that the 10
13

lb. load from the suspension strut is applied at a 30-degree angle from vertical. Using a free body
diagram the forces in the X and Y were determined. Then the method of sections could be used to
find the maximum internal moment. Using this and the material yield strength of ABS plastic, which
is 10,000 psi, the section modulus was solved for. This value was used to find the optimal crosssectional area for the suspension arm that could support the load required. Please refer to
Appendix A-1 for the green sheet calculations of this analysis.
Design parameter:
The new dimensions of the cross section of the suspension arm were found to be 0.1 inches by 0.22
inches.
Documented:
This was documented in the drawing of the suspension tower PML-20-003 in Appendix B-3 but
has sense been revised due to the findings in the Analysis 3.
II. ANALYSIS 2: DEFLECTION IN CHASSIS FROM DROP

Requirement:
The chassis must provide a stable frame for the vehicle and allow for attachment of all components.
Hence, the chassis must not deflect more than 0.05 inches in the center when it is dropped from a
height of 3 feet. This design is optimizing for the thickness of the chassis.
Analysis:
This analysis aims to determine what the maximum deflection is in the chassis when dropped from 3
feet in the air to determine if the assumed plate thickness of the frame is sufficient or needs to be
redesigned. It was assumed that the R/C car including the chassis would weigh 7.5 [lbs.] and would
be applied as a point load in the center of the chassis for the calculation of deflection and that the
RC car would land on all 4 wheels symmetrically. A safety factor of 1.3 was applied to the load as the
total weight of the R/C car is not certain at this stage of construction.
To determine the force of the impact the methods of analysis include solving for the velocity
at impact using potential and kinetic energy equations (PE=KE) , kinematics and F=ma. It was
determined that there would be a maximum force of 20 lbs. hence, there being a 5 lbs. force on each
wheel. Then, assuming the material of the chassis to be 1060 alloy steel, the modulus of elasticity
was 9,800 (ksi). Using the equation for deflection of a beam with 1 negative point load and 2
positive point loads the maximum deflection came out to be -0.024 + 0.001 inches. Please refer to
Appendix A-2 for the green sheet SScalculations.
Design parameter:
The assumed plate thickness of 0.25 inches for the chassis was shown to be sufficient for this
requirement. It could be decreased for an even more optimal weight but taking things into
consideration such as cost and ease of manufacturing, having this standard plate size would be
sufficient. This is up for evaluation in the future.
Documented:
This was design was documented in the drawing of the chassis PML-20-001 in Appendix B-1.
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III. ANALYSIS 3 -PART B: MAXIMUM FORCES IN SUSPENSION ARM SECTION

Requirement:
The RC must be able to drive over various road conditions while maintaining its structure.
When each suspension tower arm is under a fluctuating load of 0-10 lbs. the arm must sustain a
design factor of at least N=3 to ensure that it won’t fracture under various loading conditions such
as a high drop.
Analysis:
Using the previously designed suspension towers from Analysis 1 these were to be checked if they
could support a fluctuating load. Using the method of sections, the internal moment and forces were
found. This was then used to determine the maximum and minimum stresses. Then, the endurance
limit was found for the ABS material. Finally, by using Goodman’s failure theory for a fluctuating
load the design factor was found for the previous design to be under N=1. So, the design was then
redesigned to be much larger in cross sectional area to increase its strength. This processed was then
repeated and it was determined that the new design had a factor of N=3.2 which is over the goal
of N = 3 to ensure that it won’t fail under various fluctuating loads. These calculations can be seen
in Appendix A-3.
Design parameter:
The new dimensions of the cross section of the suspension arm were found to be 0.2 inches by 0.4
inches which is double the size of the previously found values.
Documented:
This is documented in the drawing of the suspension tower PML-20-006 in Appendix B-3.

IV. ANALYSIS 4: MAXIMUM FORCES ON FRONT GUARD/BUMPER

Requirement:
It is likely that the R/C car will experience impacts on the front end of the car due to user error or
unexpected driving conditions. So, the car should have a front bumper that can protect it from
getting damaged due to these front-end impacts. So, the front guard on the 10 lb. R/C car must not
fracture when subjected to an impact to a wall when traveling 30 mph.
Analysis:
Given that the LJM R/C car was being assumed to be 10 lbs. and would be traveling at 30 mph. and
impacting a wall bringing it to a dead stop, dimensions would be produced for the front bumper that
would allow this impact without fracture. Using kinematics, the force from the impact was solved
for and found to be 130 + 10 lbs. Then, considering that the impact force could vary a safety factor
of 2.3 was used bringing the force being designed for up to 300 lbs. Furthermore, by using the yield
stress for the material of the front bumper (MakerBot ABS) of 10 ksi. and the maximum impact
force the cross-sectional area of the portion of the bumper that was experiencing the impact could
be determined. It was determined that the bumper would have a cross section area of at least 0. 03
in^2. Assuming the bumpers cross section to be square the bumpers cross sectional dimensions
could be calculated. These calculations can be seen in Appendix A-4.
Design parameter:
It was determined that the bumpers cross sectional dimensions would be at least 0.17 in. by 0.17 in.
For ease of design and a greater factor of safety the dimensions will be upped to 0.2 in. by 0.2 in
(tolerance +0.05in).
Documented:
This is documented in the drawing of the front bumper PML-20-003 in Appendix B-4.
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V. ANALYSIS 5: MAXIMUM STRESS FRONT GUARD/BUMPER

Requirement:
It is likely that the R/C car will experience impacts on the front end of the car due to user error or
unexpected driving conditions. So, the car should have a front bumper that can protect it from
getting damaged due to these front-end impacts. Therefore, the front guard on the 10 lb. R/C car
must not fracture when subjected to an impact of a wall when traveling 30 mph.
Analysis:
This analysis ventures to revisit the previous bumper designed from analysis 4 and determine if it
must be redesigned to handle the maximum combined stress at the critical point which is where it
pivots to connect to the chassis. Given the design produced and the load of impact found in the
analysis 4 it was found that the stress at the critical point far exceeds that of the maximum yield
point of the material. The combined stress was found to be 12,000+ 500 psi and the yield stress of
MakerBot ABS is 10,000 psi. So, this critical point was redesigned whilst also using a design factor of
2.3 to ensure it would not break in an impact. These calculations can be seen in Appendix A-5.
Design parameter:
It was determined that the bumpers critical points cross sectional dimensions would be least 1.5 in.
by 0.33 in (tolerance +0.05in).
Documented:
This is documented in the drawing of the front bumper PML-20-004 in Appendix B-5.
VI. ANALYSIS 6: A-ARM LENGTH FOR SUSPENSION ASSEMBLY

Requirement:
It is likely that the R/C car will experience drops and fluctuating loads. This would mean that for the
car to function properly and to be able to withstand these fluctuating loads and impacts from drops
the suspension springs can move freely. So, for the suspension to function properly the A-arms
must be to be able to hold the shock at an angle of 40 to 50 degrees.
Analysis:
This analysis ventures to calculate what the length of the A-Arms must be to allow for full function
of the suspension. Given that the length of the suspension strut was assumed to be 4 inches and the
height of the suspension tower is 2 inches and the angle that the a-arm will be at is 110 degrees from
the suspension tower. The length of the A-arm could be found using the law of sines. These
calculations can be seen in Appendix A-6.
Design parameter:
It was determined that the A-arm’s length would be 2.9 inches + 0.05 inches.
Documented:
This is documented in the drawing of the A-arm PML-20-005 in Appendix B-6.
VII. ANALYSIS 7: SUSPENSION TOWER STRESS PART 3

Requirement:
The suspension tower may encounter loading from the front. This may be from potential front
impacts or horizontal loading from suspension. So, The suspension tower must be able to withstand
a horizontal 10 lb. force without deflecting more than 0.05 inches.
Analysis:
This analysis ventures to find what the thickness of the main section of the suspension tower must
be to withstand a 10 lb. force without deflecting more than 0.05 inches. The material of MakerBot
ABS was to be used having a yield strength of 10,000 psi. Also, the height and width of the
16

suspension tower were given as they are a part of a previous design found in analysis 2. A safety
doctor 4 was used to ensure it would not fracture. It was found that the suspension tower main
section would have a thickness of 0.2 inches, and this would lead to a max deflection of 0.012 inches
which is well under the 0.05 inches required. These calculations can be seen in Appendix A-7.
Design parameter:
It was determined that the thickness of the suspension tower would be 0.2 inches.
Documented:
This is documented in the drawing of the suspension tower PML-20-006 in Appendix B-7.
VIII. ANALYSIS 8: FASTENER MAXIMUM SHEAR STRESS

Requirement:
The suspension tower must be able to withstand a horizontal 10 lb. force without deflecting more
than 0.05 inches. For this to be satisfied the suspension tower must have a fixed support that will
not yield under the 10 lb. shear load.
Analysis:
This analysis sees to find what the diameter of the fastener that is holding the suspension tower
must be to precent shearing under a 10 lb. load. The material for the fastener or screw is SAE Steel
grade 1 having a yield strength of 36,000 psi. A Safety factor of 3 was used to ensure there the screw
wouldn’t break due to any error in manufacturing or to higher loads than anticipated. It was found
that the thickness of the screw needed to be at least 0.054 inches, so it is safe to use 1/16th inch
screws. These calculations can be seen in Appendix A-8.
Design parameter:
It was determined that the diameter of the screw and screw hole on both chassis and suspension
towers needed to be 1/16th inch.
Documented:
This is documented in the drawing of the suspension tower (screw holes) PML-20-006 in Appendix
B-7.
IX. ANALYSIS 9: SPRING K CONSTANT

Requirement:
The problem is that the car will be experiencing impacts from drops and other impacts to the
wheels. To negate this problem the suspension must dissipate these impacts. So, the 3.7-inch shock
spring must not compress to under 2 inches when the RC car is dropped from 3 feet. The benefit of
designing the RC Car with strong shocks is that it will allow it to withstand various impacts or drop
heights.
Analysis:
This analysis sees to calculate the design parameter of a K value of the shocks needing to not
compress to under 2 inches when dropped from 3 feet. In the analysis, the equation 1/2kx^2=mph
was used to solve for the K value. It was found that the K would be 89.3 lbf/in. This K value was
then used in the F=kx equation to determine what force it would resist when compressed to 2
inches. It was found that the spring would resist nearly 155 lbs. which is well above the 5 lbs. of
force on each wheel found in analysis 2. The calculations for this analysis can be seen in Appendix
A-9.
Design parameter:
It was determined that the K value on the springs must be greater than 76 lbf/in.
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Documented:
This is documented in the drawing of the suspension shock in Appendix B-10.
X. ANALYSIS 10: CHASSIS LAYOUT

Requirement:
The problem Is that the RC car needs to be able to hold all of the components on the chassis. This
would mean that each components screw holes align with those on the chassis. Hence, the chassis
must supply enough mounting locations for all the drivetrain, steering, suspension, and electronic
components. The mounting location layout produced through this analysis is favorable because it
allows for a balanced weight distribution.
Analysis:
This analysis sees to determine the location of each mounting screw hole location to make sure that
the chassis has enough room for all the components. The original chassis design produced in
analysis 1 (section 2.g.1) was drawn onto a coordinate system, along with each of the components.
Then, it was easy to determine where each mounting hole location would be. Each hole’s
coordinates were determined. This was then transferred to a chassis drawing on SolidWorks. The
green sheet for this analysis can be seen in Appendix A-10.
Design parameter:
The design parameters found through this analysis were the mounting hole locations. The
coordinates for each of the 22 holes can be seen of the green sheet in Appendix A-10.
Documented:
This is documented in the drawing of the chassis in Appendix B-1.
XI. ANALYSIS 11: CONTROL-ARM LENGTH WHEEL CLEARENCE

Requirement:
The problem Is that the RC car needs to be able to turn without the wheel rubbing on the frame.
Hence, the front Control arms must allow the chassis to have at least 1 inch of clearance from the
wheels when they are steered 45 degrees in either direction. This design will be favorable to the
previous A-arm design because it will allow the RC car full truing range without having any rubbing
occur which would inhibit various driving functions.
Analysis:
This analysis mainly used the given dimensions of the RC Baja wheels and the dimensions of the
chassis to determine the length of the front Control-arms. First, the wheel was turned to the left and
right and since it was at a 45-degree angle it yielded the same geometry. It was found that the wheel
when turned 45 degrees in either direction would be 1.2 inches closer to the chassis. So, adding the
inch for the required clearance and multiplying it by the safety factor of 1.3 it was found that the
Control-arms needed to be 2.9 inches in length. The calculations for this analysis can be seen in
more detail in Appendix A-11.
Design parameter:
The design parameters found through this analysis was that the length of the Control-arm must be
2.9 inches to allow for required clearance.
Documented:
This is documented in the drawing of Control arm in Appendix B-9.
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XII. ANALYSIS 12: A-ARM DEFLECTION AND PIN STRESS

Requirement:
The problem is that the car may experience loads to the front of the wheel which would transfer
that load directly to the control arms and then to the pin connecting the control arm to the chassis.
So, the control arms must not deflect more than 0.02 inches when a horizontal 10 lb. load is applied
to the front at wheel connection point. This also means that the pins that connect the control arms
to chassis must be strong enough to resist this loading without fracture.
Analysis:
This analysis uses the previously designed control arms and the load of 10 pounds applied
horizontally and directly to the points where the wheels connect to the control arms. Using
SolidWorks Simulation, it was found that control arm would have a maximum deflection of 0.012
inches + 0.001 in. which was within the requirements for the control arm. Also using the
SolidWorks Simulation, the maximum stress in the connecting pin was determined to be 2.1 ksi + 1
ksi. For the pin, a safety factor of 10 was used as it will likely be experiencing a high level of loading,
so the yield strength of the pin needed to greater than 24 ksi. The green sheet and SolidWorks
simulation data for this analysis can be seen in more detail in Appendix A-12.
Design parameter:
The design parameters found through this analysis was that control arm clevis pin needed to be a
material that had a greater yield strength than 24 ksi, so the material chosen was 6061 aluminum
alloy which has a yield strength of 35 ksi.
Documented:
This is documented in the drawing the clevis pin which was sourced from McMaster-Carr as seen in
Appendix B-11.
H. DEVICE: PARTS, SHAPES, AND CONFORMATION
The part designs for the LJM RC Baja vehicle revolve around a few basic ideas. The car had to meet
its specified performance goals and requirements and did not need to have overcomplicated
features. Furthermore, the goal was to produce designs that were rudimentary, simplistic and
durable. There is a varying factor for safety implemented on each component. For example, the
suspension towers have a high factor for safety of 3.2 because these will undergo repeated
fluctuating loading whereas the front bumper has a lower safety factor of 2.3 since it will experience
impact loads that will only happen on rare occasion. This allows the bumper to be strong enough to
protect from large impacts while keeping the weight down as it won’t be repeatedly loaded.
I. DEVICE ASSEMBLY
An RC car was constructed to compete in the ASME RC Baja competition being able to travel
quickly and maintain stability. The RC car design consists of a strong durable frame or chassis that
allows for connection of all the components of the vehicle and gives the wheels enough room to
turn for a sufficient amount of rotation.
The RC car must also articulate to allow for driving over various road conditions. This was done by
designing the independent suspensions system to allow for repeated loading. There are springs that
dissipate the load from the road conditions to keep the chassis and all the components on the
chassis stable and secure.
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J. TECHNICAL RISK ANALYSIS
Technical risks must be considered to increase preparation and awareness where there is higher risk.
For this project, the RC car is being optimized for lightness and ease of manufacturability. There is
risk in the sense that the components could be so light and small there is a chance that the structural
integrity is compromised. This risk is mitigated by designing each component with a safety factor to
ensure that the device is structurally sound even under unexpected higher loads.
There is risk in the scheduling and budgeting of the project as well. There is not enough
room in the schedule or budget to make multiple prototypes if errors occur. So extra care must be
taken prior to manufacturing an item to ensure it will be used. This risk is also mitigated by
scheduling a 10% buffer at the end of each quarter. Meaning that this project is scheduled to have
everything completed 10% ahead of the final due date. So, if something does occur that causes a
shift back in the schedule there is ample time allocated for an error.
Also, both members of LJM, Cam and Paul, are inexperienced RC car drivers so the risk of
poor driving abilities should be considered for that could lead to damaging the car, failing a
competition or even worse, hurting someone. This risk will be mitigated by having both Paul and
Cam practice driving one of their old RC cars to ensure they have more experience with this.
K. FAILURE MODE ANALYSIS
There are various loading conditions that each component experiences but the most common would
be repeated fluctuating loading. This type of loading is mostly experienced by the suspension
components. The failure mode of analysis done on these components is done using the Goodman
failure theory. This gives a relatively accurate estimate of what the design factor is on each
component and then the design can be adjusted to accommodate for larger or smaller design factors.
L. OPERATION LIMITS AND SAFETY
The RC car will have multiple moving parts and have electrical components. Moving parts and
electrical components can be dangerous, so it is important that when the battery is connected, and
the vehicle is running all people in the area should stay, at a minimum, 6 feet from the vehicle to
mitigate any risk of electrical shock or pinching. Also, since the vehicle is being operated by a
potentially inexperienced RC car driver everyone in the vicinity should be alerted of the vehicles
presence so when it is operational, they can be aware enough to move out of the way if the vehicle is
headed uncontrollably in their direction.
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3. METHODS & CONSTRUCTION
A. METHODS
The LJM RC Baja project was conceived, analyzed, and designed at CWU to meet the requirements
posed for the senior project of the Mechanical Engineering Technology Program. More specifically,
for the ASME RC Baja project the LJM team were to produce a vehicle that met the requirements
defined by Remotely Operated Auto Racers (ROAR). Working within the constraints of the
universities manufacturing tools and materials, many of the components were to be produced.
I. PROCESS DECISIONS
The LJM RC car is comprised of many components. Some of these components are to be purchased
such as the suspension shocks and the wheels. But, for the components that are being designed, and
manufactured, many manufacturing methods and materials had to be considered for each
component.
For the chassis, being a larger component, the manufacturing method and material choice
were very important decisions. The 3 main considerations for the chassis were whether it be 3D
printed, CNC plasma cut, or machined using conventional machining tools. There was one major
constraint with the 3D printed chassis and that is that the CWU mechanical engineering technology
department does not have a 3D printer that has a printing bed greater than 300 mm in length which
means that the chassis would not be able to be the length originally intended. CNC plasma cutting
was chosen over machining using conventional tools as the latter would take a much longer time to
produce. Also, as time progressed, and the manufacturing process began on this component it was
discovered that the CNC plasma cutter had a minimum hole size of 1/8th inch which was not small
enough for some of the holes on the chassis. So, this requires another process to be implemented
for the drilling of the screw holes on the chassis. After the shape of the chassis was cut on the CNC
plasma cutter the holes were to be drill pressed. This ensures higher precision of hole location and
proper hole size. There are more details to this multifaceted decision that can be seen in the decision
matrix in Appendix F-1.
Another manufacturing process that was considered was for the suspension towers. These
could be manufactured in various ways. The processes that were considered was to 3D print them,
manufacture them using the woodshop, sawing, drilling, routing etc. or to cast them out of a
polymer using a mold. The main criterion for comparing these processes is the cost, how strong a
component it produces, and the ease of manufacture. It was determined that the 3D printing option
was the best for this situation. What made 3D printing stand out wasn’t necessarily the strength or
the cost but was the ease of manufacture. If there were any errors or anything had to be redone it
would be much easier to just change the design on SolidWorks and reprint the item rather than
having to start from scratch with the other two options. So far in the process this choice of
manufacturing has proven to be very beneficial. One unintended benefit for this option was that this
allows for rapid prototyping. If something doesn’t fit correctly a new model can be made and tested
within a day. This manufacturing decision can be seen in more detail in the decision matrix in
Appendix F-4.
Another decision to consider was the material of the chassis. The 3 main choices being
considered by the LJM team was to either make the chassis out of an aluminum sheet, balsa wood,
or to have it made from ABS plastic. For the chassis, it is very important that it be strong, as it is the
main structure that holds all the other components together. So, aluminum, having a much higher
yield strength than ABS plastic and balsa wood, it was determined that the chassis be made of a
3/16th inch 6061 aluminum sheet. Something that was discovered when purchasing this material is
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that it was much cheaper than originally budgeted for (expected $30, paid $5) making this material
choice even more optimal than anticipated. There are more intricacies to this decision that can be
seen in Appendix F-2.
For the Control arms and suspension tower, the material choice was an integral part in
making an RC car that would withstand the rigorous testing and driving environments. The materials
considered for these components were ABS plastic, PLA plastic, and 6061 aluminum. Many things
were considered such as manufacturability, weight, cost, and strength. It was determined that the
ABS material was best suited to be both the control arms and suspension towers. A matrix for this
decision can be seen in Appendix F-3. It can be seen in analysis 3 (section 2.G.III) that the ABS
material for the suspension tower is able to withstand fluctuating loading while retaining its rigidity.
B. CONSTRUCTION
I. DESCRIPTION
This proposal pertains to the chassis and suspension of the LJM RC Baja project. So, this portion is
made of 22 parts and 3 sub-assemblies. 12 of the 22 parts were obtained from suppliers. First, the
foundation of the whole project was produced, that being the chassis. This was CNC plasma cut in
the machine shop here at CWU. Next the front and rear control arms were 3D printed also at CWU.
After that the battery holder and the front bumper were 3D printed. These were assembled to
produce the first sub-assembly. After that the front and rear suspension towers were 3D printed.
Then, using the purchased suspension struts and the suspension towers the 2nd sub-assembly was
made. Finally, combining these two sub- assemblies produced the full suspension and chassis subassembly. From there the sub-assembly produced from this portion of the project was combined
with Jamison’s portion, the drivetrain and steering sub assembly, to produce the final LJM RC BAJA
assembly.
II. DRAWING TREE, DRAWING ID’S
As the drawing tree in Appendix B-1 displays, first the chassis sub-assembly was produced. This is
because that chassis is the base of the whole RC car that essentially holds everything together. This
is comprised of 6 parts. First is the vehicle-chassis, which is essentially the base. Then the armcontrol, front and arm-control, rear. Third is the pin-clevis that connects the chassis to the control
arms, this was purchased. After that is the bumper front. The final component for the chassis
subassembly is the holder-battery. Then, the suspension sub-assembly was produced. This is
comprised of 4 parts. First is the tower-suspension, front and tower-suspension, rear. It is important
to build these first so that the suspension struts have something to connect to. These are connected
to the strut-suspension, front and the strut-suspension, rear from the suspension sub-assembly.
From here, the chassis and suspension sub-assembly was produced using the previous two subassemblies. After the teammates drivetrain and steering sub-assemblies are complete the final
assembly can be formed using all the previously stated assemblies. Again, the drawing tree that is
illustrating this hierarchy can be seen in Appendix B-1.
III. PARTS
For the LJM RC Baja, each part of the car had a certain manufacturing process. Each component
can be assigned a process group to ensure efficient use of time whilst manufacturing. The most
notable process grouping for the suspension and chassis was the 3D printing process group as many
components were 3D printed. This included the arm-control, front (PML-20-009) and arm-control,
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rear (PML-20-011). This process group also included the tower-suspension, front (PML-20-006) and
tower-suspension, rear (PML-20-013). And finally included in the 3D printing process group is the
bumper-front (PML-20-004) and the holder-battery (PML-20-012). As one can see most of the
components were 3D printed. Another process group is the machining process group. This group
includes the vehicle-chassis (PML-20-001). Since there is nothing else needed to be machined, that is
the only thing included in the machining process group. An alternative process group for the chassis
would be to manufacture the chassis out of wood. This would require the use of the tools and
machines in the woodshop. The final process grouping includes the purchased parts. This includes
the strut-suspension, front (PML-55-001), strut-suspension, rear (PML-55-003) and the pin-clevis
(PML-55-002). These parts did not require any modification.
IV. MANUFACTURING ISSUES
During the construction phase of the project there is risks or issues that occur whilst manufacturing
the LJM RC BAJA. For example, the availability of the CNC plasma cutter in the foundry was found
to be a problem as there was issues with the computer that operates the machine leading to a near
weeklong delay on the use of the machine. There was also trouble having to schedule a time where a
member of the MET faculty, Mr. Chris Berkshire, could assist in the operation of the machine.
Fortunately, there was a built-in buffer in the schedule that anticipated delays so there was still ample
time to complete the project on time. Another issue that was discovered in the construction phase
was due to the frequent failing of 3D printers. As many of the components on the LJM RC car are
manufactured using 3D printers there was much experience gained with said printers. It was found
that it is not as simple of a process as originally anticipated. The LJM team experienced many failed
prints as the printer wasn’t set up properly or just had unexplainable failures. Over time the prints
have become more consistently successful allowing for the completed manufacturing of the majority
of the components on the RC car.
V. DISCUSSION OF ASSEMBLY
It was important that the LJM RC Baja was assembled in a certain order. First, it was essential that
the Assy-Sub, Chassis (PML-10-002) was the first thing to be created as the chassis is the base that
connects all the other RC components together. The drawing of the chassis sub assembly can be
seen in Appendix B-1-4. Then, the Assy-Sub, Suspension (PML-10-003) was to be assembled
second. This was to be assembled separately as it has a high level of complexity therefore needing a
higher amount of focus on the assembly itself. The suspension sub assembly can be seen in
Appendix B-1-5. After those the culmination of those two sub-assemblies could be developed into
the Assy-Sub, Chassis-Suspension (PML-10-001). Having these two sub-assemblies connected
allows for the attachment of the components that hold the vehicle up right such as the wheels. This
can be seen in Appendix B-1-3. Finally, the top assembly can be produced. This assembly, Assy.
Baja-RC (PML-10-004), is the final assembly of the vehicle and includes the sub-assemblies
produced by teammate Cam Jamison such as the Assy-Sub, Motor/Trans (CSJ-10-001) and the
Assy-Sub, Servo-Steering (CSJ-10-002). The order at which all these parts and assemblies are put
together can be seen in the hierarchical drawing tree in Appendix B-1. The items farthest to the
right on the drawing tree were manufactured earliest. When considering the final assembly, it will be
operated using a wireless controller that connects to the RC car via a radio signal which will control
the engine on the car and the steering. This will allow for control over the speed and the direction it
turns. It should behave similarly to the benchmark which is the Traxxas rustler. The LJM RC Baja
will be slightly heavier, cost more to manufacture and will be more difficult to manufacture
considering this is being developed by students with little to no prior experience developing RC cars.
23

4. TESTING
A. INTRODUCTION
For this engineering report, the components being designed by Paul Lervick were tested. These
components include the chassis, control arms and the suspension assembly. Each component had a
test. The chassis underwent a center loading deflection test and component mounting coherence
test. The suspension had a drop test. The control arms underwent a test for clearance and angle
variation, along with force deflection testing. These tests were done to ensure that each component
meets its requirements. During the manufacturing stage of the project, there was no new
information gathered that suggested that different tests needed to be done to meet the requirements
met earlier in the year. The test reports on 3 of the tests mentioned above can be found in appendix
G. These 3 major tests were the drop test, chassis deflection test, and the control arm deflection test.
B. METHOD/APPROACH
This proposal, focusing on Paul’s components, mainly examine force tests, deflection test, drop
tests, along with proper function testing.
The drop test was done by dropping the RC car from 3 feet for 3 different trials and
recording the coils compression in slow motion with a measuring device on the coil to see how
much the coil compressed. The conditions remained very constant to ensure that the results were
predictable and repeatable. This test took about 20 minutes and required 1 person to film and 1
person to drop the car. The RC car was then examined and reported to ensure that each component
can endure the drop loading as specified in the requirements. This test was successful, and the
results can be seen in appendix G1.
The chassis deflection testing determined if it meets the requirements set for its deflection.
The force testing applies a specified static loading, using a weight, in a specific direction with a fixed
and free end, using equipment from the CWU Hogue Labs, and examines how much the chassis
deflects in the center under the loading. The load was increased until the deflection met the required
value. Mostly, this was looking to ensure that the components deflection, being measured using a
feeler gauge and pictures, is under what was specified in the requirements. This test was done with
one person present and was successful in that the chassis did not deflect more than 0.05 inches
when a 10 lb. load was applied to the center of the chassis.The results for this test can be seen in
more detail in the test report in appendix G2.
The final major test was the control arm deflection test. This was done to determine if the
control arm would meet the requirement set for it that it must not deflect more than 0.03 inches
when a horizontal 10 lb. load is applied to the front at the wheel connection point. This test was
performed by securing the chassis vertically and applying a load the end of the control arm while
measuring the deflections with a feeler gauge. This equipment was source from the CWU Hogue
Labs and took 20 minutes and 1 person to perform. The load started low and was increased until it
reached a load that exceeded 10 pounds. This test was successful and more details on this test can be
found in appendix G3.
Then, the mounting coherence testing was done by mounting each component and ensuring
that each component fits and functions as it was designed. This test examined how well the
components are secured, if the component has the range of motion specified in the requirements
and if there could be any changes in the mounting arrangement to increases operation and
functionality in some way. This test was successful and showed that changing the mounting
arrangement was not necessary.
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C. TEST PROCESS
For these tests, they were done in a few different locations.
For the drop testing, this was done in the Hogue Technology building at CWU, in room 127.
This test required a 3-foot-long ruler to ensure proper drop height, calipers to transfer precise
measurement to a small piece of cardboard that measures the compression of one of the suspension
coils seen in Figure D-1, and a slow-motion phone camera to determine what the actual
compression was for the drop.
For the chassis deflection testing, this was done in the Hogue Technology building at
Central Washington university, in the machine shop. This test required use of the machine shops
steel blocks as support blocks and weights. Also, the use of a scale and feeler gauges from the
machine chop was necessary for accurate measurement of deflection and weight applied.
Similar to the chassis deflection test, the control arm deflection test was done in the Hogue
Technology building at Central Washington university, in the machine shop. This test also required
the use of the machine shops vice clamp to secure the chassis and steel blocks as support blocks and
weights. Also, the use of a scale and feeler gauges from the machine chop was necessary for accurate
measurement of deflection and weight applied.
For the mounting coherence testing there will be use of simple measuring tools such as
rulers and protractors. These tests will be examining the range of motion of the A-arms while the
suspension struts are connected to ensure that it meets the range of motion requirements.
D. DELIVERABLES
Each test has a dedicated report that supplies data sheets and specifies the test specific procedure,
purpose of test, the requirements being tested for, the results and a discussion of said results. There
were various photos taken during each test and these will be attached in the appendix G in the
reports.
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For the drop test, the requirement was to have
the suspension spring to not compress to under 50% of
its length when dropped from 3 feet. When doing the
analysis, it was determined that the coil would compress
to exactly that 50% mark, which for a 4-inch coil would
be a compression to 2 inches. After doing the test it was
found that the coil only compressed by at most 28.6%
as seen in Table D-1. This was because when dropping
the car from 3 feet the car would bottom out (chassis
would make contact with the ground.) before the
suspension coil could reach 50% compression. This is
not something that was considered when making the
prediction calculations, but does allow the car to meet
its requirement of not compressing to over 50% when
dropped from 3 feet. To resolve this problem there
could be a different test done with the actual coil out of
the suspension assembly with the same force from the
drop applied to it axially to see it compresses to under
50% of its free length. Additionally, the was a function
test done after each drop to ensure that the car wasn’t
damaged and was fully function.
Figure D-1: Coil Compression Measuring Device

Table D-1: 3 Foot Drop Test Data
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Next, for the force testing, the chassis deflection
requirement was checked. The requirement was that
the chassis must not deflect more than 0.05 inches
when a 10-pound force was applied to the center.
When the analysis was done to determine the thickness
of the chassis it was found that the chassis could be
very thin, but to make it easier to manufacture the
team chose a larger more standard size aluminum plate
thickness of 1/8th inch which also made it easier to
attach other components to it. So, as one can see in
Table D-2, the chassis exceeded the requirement by
far, and it actually took over 4 times the weight to even
get close to the 0.05 inched of deflection. The max
deflection can was done with 42.2 lbs. of weight on the
chassis as seen in Figure D-2. The LJM RC car was
fully functional after all of these tests. Having the extra
thickness of the chassis allowed for increased rigidity
and strength, but in retrospect it could have been
decreased substantially and stay within the requirement
which would intern decrease the overall weight of the
car and increase potential top speed.
Table D-2: Deflection of the Chassis Data

Figure D-2: Chassis Deflection Test

Finally, for the control arm deflection test,
the calculation done to determine the
deflection of the control arm on the RC
Baja car utilized a point load being applied
to the end of the control arm. This analysis
can be found in the Analysis 12 in section
2g. Using FEA, the deflection of the control
arm was found to be 0.013 + 0.001 inches
from a load of 10 lbs. applied to the end of
the control arm. After the test was conducted, it was found that the control arm deflected by 0.026
+ 0.005 inches when a load of 10.16 + 0.05 pounds was applied. This shows that the calculations
done to perform this analysis may have yielded slightly inaccurate results when compared to the test.
This is likely due to some assumptions made when performing the analysis. Most notable, during the
actual test, there may have been minor deflection of the pin connecting the control arm to the
chassis. This was not accounted for in the calculations. Although it was slightly inaccurate the
control arms met the requirement of not deflecting more than 0.03 inches when a 10 lb. load was
applied to the end.
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5. BUDGET
A. PARTS
The LJM RC Baja is comprised of mainly parts that have been designed by both the members of the
LJM team, Cam and Paul. The other parts are those that had to be purchased as there was not
enough time, expertise, and resources for the LJM team to produce them themselves. These were
bought to complete the overall assembly of the car. The purchase of the compatible parts ensure
that the RC car will function as intended. The parts that had to be purchased to complete the LJM
RC Baja can be seen in the project parts list in Appendix C-1.
As time progressed and the manufacturing of all the parts began, a few things were
discovered. First, the material cost of an aluminum sheet purchased brand new was much more
expensive than anticipated. Fortunately, the LJM team knew that the material was very common
among metal shops, so they asked around at the local Ellensburg metal shops and found a perfect
scrap piece of aluminum that was sold to them for $5. Another thing that was discovered was that
the success rate of 3D printing parts was much lower than expected. So, this required much more
time and money spent 3D printing the various parts on the RC car. Since there was more money left
over in the budget from acquiring cheap aluminum, spending slightly more on 3D printing did not
cause problems with the budget.
In the testing phase of the project there was nearly zero expenditures as all the equipment
for testing was provided by the school. The one expenditure that the team had was a $5 spur gear
from Jerrold’s. The team had to purchase this before the ASME RC competition as some of the
teeth sheered on the other one due to poor tooth engagement. This was fortunately not a problem
in terms of the budget as the team still had $100 that was budgeted for emergencies such as this one.
But, if this were a critical budget situation, to prevent something like this from happening again,
there would be multiple spares purchased and budgeted for as accidents and failing parts are a likely
occurrence in a real-world situation.
B. OUTSOURCING
The only outsourcing that is required for the manufacturing of this project was the use of the 3D
printers at the Multimodal center at Central Washington University. The school charges $0.50 per
hour for 3D printing ABS plastic so was assumed that outsourcing costs would not exceed $30. The
facilities at Hogue Hall at Central Washington University such as the wood shop, and the machine
shop were used by team members, Paul and Cam, to manufacture the remaining components that
were designed by them.
During the construction phase most of the outsourcing was done through the CWU
multimodal center, as stated above. It was found that their print success rate is very low when
certain experts on their team weren’t there to operate the printers. Fortunately, they don’t charge
extra when their prints fail but it does take more time to reprint. It was found that they produce high
quality prints. This may have set the schedule back slightly but did not affect the budget in any
significant way.
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C. LABOR
Currently there is only $30 devoted toward outsourcing labor which is due to the 3D printing as
stated in section 5.b. above. This would be assuming that there is 60 hours of 3D printing required
ad it cost $0.50/hour to 3D print at CWU. The other labor costs would be that of the work that the
team members Paul and Cam. Paul’s estimated total hours of work on this project are 338 hours
which can be seen in more detail in Appendix E. Considering the average pay for entry level
engineers in Ellensburg is $23 per hour, Paul’s labor contribution would be worth $7,774. This is
excluding any variation in labor costs due to different processes and activities and is included to
simply illustrate what labor might cost for a project of this magnitude.
D. ESTIMATED TOTAL PROJECT COST
The project estimated total cost was $305. This cost includes the price of all the components that
have been accounted for up to this point, including the estimated price of the outsourcing of the 3D
printing done at Central Washington University. This cost also includes an emergency fund of $100
in case of any major unexpected costs. This cost is not including the estimated labor cost by one
team member, Paul. 47% of the budget has been used so the project did end up being underbudget.
For more detail, please view the budget in Appendix D.
E. FUNDING SOURCE
The funding source for this project is provided by both the team members, Paul, and Cam, and is
divided evenly between them being paid from their personal funds.
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6. SCHEDULE
A. DESIGN
This portion of the schedule of the project has 3 important segments and is done during the Fall of
the school year. These 3 sections are the proposal document, analysis, and the documentation,
which include the production of the drawings and assemblies.
There was challenges having the tasks coincide with their scheduled times so this project has
made it clear that the ability to adapt to the circumstances is critical to having a successful project.
Please see Figure E1 in APPENDIX E for a Gantt chart detailing the design quarter schedule.
For example, task 1a, the introduction part of the proposal was only projected to take 3
hours to complete, but with errors being made on the first rendition it required more time than was
allotted to it. This caused a shift in the schedule. Now, it’s apparent that seeking guidance before
going forth with the proposal is crucial in staying in line with the requirements thereby, staying on
time with the schedule. For tasks under the analysis section, these vary in time taken to complete
depending on the complexity of the analysis. For example, task 2a, the suspension tower maximum
stress analysis took the proper amount of time allotted to it but if an analysis proves to be more
complex than anticipated it could take much longer so this will be considered going forward. This
same idea applies for the documentation section. Designs or assemblies that are more complex will
have greater time devoted to them. With task 3a, there was a problem with the ANSI Y14.5
compliance so this required more time to go back and correct that error. Again, please see Figure
E1 in APPENDIX E-1 for a Gantt chart detailing the design quarter schedule.
B. CONSTRUCTION
The construction phase of the project consists of the manufacturing processes of all the
parts and the actual assembly of the entire LJM RC Baja device. The first half of the construction
phase was devoted to manufacturing the individual parts. All these parts were scheduled to be
manufactured in a short period of time to ensure that there was ample time to assemble the car and
correct errors if there are any that the team comes across.
During Task 4b, manufacturing the chassis plate, the initial manufacturing process of CNC
plasma cutting the outline of it went over very well whereas the second phase of manufacturing the
chassis had been delayed causing there to be a delay in the construction. For the chassis to be
complete it must have all the holes drilled in it to allow for attachment of all the components but, to
drill the holes, all the attaching components need to be manufactured to ensure that they will all fit
as intended on the chassis. Task 4b was expected to take 3 hours to complete but there had been
nearly 5 hours spent on it.
To mitigate something like this from happening in the future there will be more time spent
on considering the individual steps that go into completing a given task to increase the accuracy of
time estimated to complete. Fortunately, there were many risk mitigation strategies deployed when
conceiving the current schedule. One is that there is a 2-week buffer at the end of the construction
phase, meaning that the project was scheduled to be completed 2 weeks ahead of the actual due date
to allow for ample time for correction when any delays occur. Again, please see Figure E1 in
APPENDIX E-1 for a Gantt chart detailing the construction quarter schedule with the individual
tasks.
C. TESTING
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The goal of the testing phase of the project, during the spring quarter of the school year, was
to determine if the RC car meets the requirement set for it during the design phase of the project.
There were various tests done that were individually designed to see how the calculations and
analysis compare to the real-world testing. All these tests were scheduled to be completed in a short
period of time to ensure that there is ample time to correct errors if there are any that the team
comes across.
There were 3 major tests that this phase of the project entailed while there were other minor
tests as well. The 3 major test were complex and required the development of testing reports. The 3
major test included the drop test (task 6b) the force testing (task 6c) and the control arm test (task
6d). All these tasks and the scheduled completion times can be seen in the Gantt chart on Figure
E1 in APPENDIX E-1. There were some challenges that were experienced in this phase of the
project that caused delays and setbacks. Most notable, the testing reports. During the early weeks of
this phase of the project the physical tests had to be completed and they occupied the majority of
the time working on this project. There was not enough time allocated to the testing reports. They
require a lot of data and documentation that was not considered early on when developing the
schedule for this phase of the project. So, although the tests were completed on time and the data
has been gathered, it was nearing the due date of the testing reports and there was still a lot of work
that had done for them to be completed. This led to cramming during final week before this was
dues and was not conducive to developing high quality reports.
To mitigate something like this from happening in the future, there would be more time
spent getting a deeper understanding of each individual task before scheduling them. If this was
done for the testing reports they would have been completed in concurrence with the individual
tests which would have more evenly distributed the work and led to more time for revision and
more high-quality work.

31

7. PROJECT MANAGEMENT
For the LJM RC Baja team, managing this project came with risks. Namely the areas that were of
risk that pertain mostly to the management of this project were the time constraints and budget.
Having a limited amount of time to complete each analysis and essentially the whole design posed a
challenge for the team. Also, there is risk to be considered during the construction phase in both the
time and budgetary sense. If a component doesn’t fit or function as intended, this will cost more
money to replace and more time, potentially moving the project behind schedule. To mitigate many
of the risks that threaten the schedule a 10%-time buffer will be put at the end of each quarter.
Meaning that for a 10-week quarter the project is scheduled to be complete 1 week ahead of time. If
something goes wrong, then there is an ample amount of time to correct the error. To mitigate the
risk of going over the budget there is a $100 emergency fund. This is another buffer to ensure
there’s enough money to support the project. These are inherent risks of an engineering project but
are worth bringing up to ensure every phase is done with great attention.
A. HUMAN RESOURCES
For this project, the principal engineer, Paul Lervick, will provide expertise in computer aided
design, such as solid works, and various mechanical engineering knowledge bases, such as mechanics
of materials, and mechanical design. Lervicks resume can be seen in Appendix H. There is
dependency of the other engineer on the LJM team, Cam Jamison. The risk of this dependency is
that since Jamison oversees the other components on the vehicle such as the motor, his components
must be produced and functioning well for the entire project to work as a whole. This risk is
mitigated through having frequent meetings to ensure the project is going according to schedule.
B. PHYSICAL RESOURCES
There will be two very prevalent physical resources. These are access to a 3D printer and access to a
laser cutter for metal. Many of the components will be produced using the 3D printer and the 3D
printing material, ABS plastic. For the laser cutter, this will be used in the production of the
aluminum chassis. The main risks associated with these physical resources are the access to them
and the available time with them. As there will be many others using both the laser cutter and the
3D printers it is prudent that this risk be mitigated through reserving time in advance with the
faculty of the Central Washington University faculty who is providing these resources.
C. SOFT RESOURCES
The soft resources that are most prevalent for this project are the many software’s used, such as
Sold Works for the design of the vehicle, Microsoft Office products for the building of the proposal
and management of the project, and the search engines such as Chrome to provide the ability to
research and gain knowledge on various engineering topics related to this project. The risks
associated with these resources are software crashes that could potentially lead to a major loss of
work done, hence a potential fall behind the schedule. This risk is mitigated through frequent and
automated saving of whatever assignment being worked on. This could be a design or the proposal.
Also saving these files in multiple locations to mitigate the risk of corrupting a file and loosing said
work.
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D. FINANCIAL RESOURCES
The project sponsors, Paul Lervick and Cam Jamison, are committed to providing monetary support
for all the purchased components and the designed and manufactured components. There is risk of
potentially going over the budget allocated for these components. There is an emergency fund of
$100 incase this were to occur, but this will risk will also be mitigated through a constant
reevaluation of the budget and current spending to ensure things are in accordance with the current
budget.
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8. DISCUSSION
A. DESIGN
The RC Baja Project at Central Washington University is required to be done having two team
members. So, Cam Jamison and Paul Lervick came together to form the LJM RC BAJA team. It was
important at the beginning of the design phase to allocate responsibility of different components to
each team member. So, Lervick chose to be responsible for the chassis and suspension components
and Jamison chose to be responsible for the steering and drivetrain components. As stated before,
this reports focus is on Paul Lervick’s contributions to the LJM project.
In the beginning, both Paul and Cam began discussing how they were going to go about
working on the RC project. Paul and Cam were inexperienced with RC cars, but they did both have
experience with actual cars. Since RC cars share many of the same key principles as real cars this
aided in their understanding for the design of and build of the RC car. For Lervick, the first thing
that was done was the production of the designs for the chassis. There were various alternative
designs that were sketched out and some materials that were considered. Using the decision matrix
that is stated in section 2.a the design for the chassis and material was determined.
Following this, the design phase saw the completion of the twelve analyses, twelve design
drawings, a large progression in the completion of the proposal work, and the majority of the
website completed. All of this work was spread out evenly over the course of the fall quarter of the
year 2021 at Central Washington University.
One success during the design phase of the project includes good communication between
the teammates Jamison and Lervick. For a project such as this one communication was very
important. In the beginning the communication was scattered and inconsistent but as the project
started picking up it became very apparent that the communication needed to be delt with using
more prudence. So, there was regular meetings established to ensure that everything was going
according to plan. This turned out to help a lot and displayed to the members how important
communication was for a collaborative project such as this one.
During this phase of the project there was various hardships. In the beginning, for Lervicks
contribution, there was too much time spent focusing on very minor details on a few components in
the analyses. Specifically, the Tower-Suspension, Front (PML-20-009) as many of the analyses went
into finding the optimal design for the suspension tower when there were many more components
that needed to be designed. This left very little time at the end of the design phase to produce many
of the other components. To prevent something like this in the future there would be more time
spent on making a rigorous schedule and sticking to it to ensure that each component was given a
reasonable amount of attention. For the construction phase a meticulous overview of the project
will be done at the beginning of the winter quarter and a schedule will be produced. There will be
coherence to this schedule to ensure that everything goes to plan and is completed in advance to
negate the problem of rushing that was experienced during the design phase of the project.
B. CONSTRUCTION
As was discussed in the design section, there has been many failures and much has been learned.
Having all those failures made it very clear to the LJM RC Baja Team that managing a project
presents a myriad of challenges that must be taken care of in a timely manner to ensure the success
of the project. So, one of the major focuses for the winter quarter, or the construction phase of the
project, was to first, have a deeper understanding of all the tasks that needed to be completed to
manufacture and construct the vehicle. Then it was important to schedule all these tasks out across
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the quarter and also schedule a 2-week buffer at the end of the quarter, meaning that the
construction should be done 2 weeks ahead of the due date, to ensure that, if there is problems there
is ample time to fix them and still finish on time.
Currently, there has not been any changes to Lervick’s designs as there was much time spent
in the design phase on Solid Works (3D modeling software) ensuring that all the components would
fit and function well together. For teammate Jamison there has been a recent discovery of problems
in the Housing, Motor-Gear (CSJ-20-003) part and the Servo-Steering, Cover (CSJ-20-009). These
parts are currently in the process of being redesigned and will see updates soon. There is risk in
having to redesign these components as there wasn’t time originally scheduled to redesign and
reprint these parts. As was stated before there is a buffer in the schedule at the end of the quarter to
allow for mistakes such as this one.
Insofar, there has been many successes with the project as the project is ahead of schedule
and under budget. The price of the material for the Chassis-Vehicle (PML-20-001) was $5 rather
than the expected $30. The manufacturing of the Chassis- Vehicle went well but there was one
unexpected failure. This was that the computer running the device was broken for a couple days
which set the project back slightly. To mitigate this in the future, requests will be made further in
advance to ensure that everything is functioning properly before the equipment needs to be used.
Images of the plasma cutting of the Chassis- Vehicle can be seen below in Figure 1 and Figure 2.

Figure 1: Torchmate CNC plasma cutter.

Figure 2: Close up of aluminum plate.

Also, the other manufacturing
process that this project so heavily
relies on (3D printing) has gone
well for all the suspension
components. These components
were printed at the CWU
multimodal center with the help of
Maggie Romero. Maggie’s
guidance has been invaluable for
all things related to the 3D
printing process. As seen in
Figure 3, the components came
Figure 3: 3D printed
Figure 4: Initial layout of the
out clean and with no need for reprint. Once
suspension
LJM RC Baja assembly
these components were cleaned of the 3D-print
components
support material they could be placed on the Vehicle- Chassis to show the initial representation of
what the LJM RC Baja will look like as seen in Figure 4.
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After much of the suspension and chassis components were manufactured, the team could
begin assembling the vehicle. In assembling, there was much discovered. One thing was that some
of the parts did not fit as intended leading and some of the screw holes were much smaller than
expected, so to correct these errors, the team had to go back into the model and make correction
where it was necessary. For example, the upper control arms on the chassis seemed to be too long to
have the correct camber for the wheels in the front and rear. This led to discovering a far superior
alternative for the upper control arms and that was using adjustable Traxxas tie rods. These were
very inexpensive, so they didn’t affect the budget ($3 for 4) and they allowed for adjustable camber
angle which was wonderful for dialing in the performance for
the suspension.
After the front suspension was assembled, the LJM
team began repeatedly compressing the front wheels to ensure
the components could withstand the forces as calculated.
After about 20 repetitions of doing so, there was an actual
fracturing of the front suspension tower arm that was caused
by the forces from the suspension strut on the arm. When
examined closely, it was found that the suspension arm
fracture was a delamination of the 3D print as seen in Figure
5. The team forgot how critical the actual 3D printing
orientation was to the strength of the component. This tower
was printed facing perpendicular to the base plate, so the
fibers of the print did not favor strength in that plane. To
solve this, the print was done with the suspension tower lying
Figure 5: Suspension tower
flat on the base plate so that when the tower was under loading,
delamination.
the actual fibers would be under tension rather than the layers, as
the tower in Figure 5 was relying on the strength of the adhesion of the layers. Since the LJM team
had purchased filament of their own this did not cause an increase in the budget.
After there were corrections made to these 3D printed components the entire vehicle could
be assemble and combined with the teammate Cams
components. Cam’s components were the steering
and drivetrain assemblies and once these were on
the vehicle it became completely operational. Figure
6 displays the completely operational LJM RC Baja.

Figure 6: Completed RC Baja.
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C. TESTING
After the LJM RC car was fully constructed and functioning as intended the testing of the vehicle
could begin. These tests were intended to determine if the RC car met the requirements it was set to
meet at the beginning of the quarter.
First, the drop test was done to see it the suspension met the requirement of not
compressing more than 50% of its free length when dropped from 3 feet. This was done by
recording the RC car at the floor when it met the ground in slow motion. There was a measuring
device attached to the suspension coil that the slow-motion video would be able to track and gather
data on. The RC car survived all the test and was fully functioning afterward. Unfortunately, there
was a problem with the test that may have made it actually loose its validity. When dropping the RC
car from 3 feet it would bottom out on each drop, meaning that the RC chassis would make contact
with the ground before the suspension coils could compress to 50%. The suspension coils only
compress by 28% before the car would bottom out. So, it does meet the requirement and the
suspension dissipates enough energy for any of the components on the car to not break, but it
doesn’t allow the entire compression to 50%. This can’t be fixed at this stage of the project and is
mostly due to a lack of attention to detail when initially making the requirement because it should
have been acknowledged that the coils can only compress by 28% before the car bottomed out.
Second, the deflection of the chassis was tested for. This test included setting up the chassis
on two posts at either end and applying a load in the center of the chassis and measuring the
deflection where the load was applied. This test presented a few challenges. One was what method
would be used to accurately measure the deflection, as the deflection was very minor and too small
to measure with conventional forms of measuring. The best solution was determined with guidance
from a fellow senior project classmate, Ryan LaFrombois, who suggested to use feeler gauges. This
was the best solution and gave very accurate measurements. To meet the requirement for this test,
the chassis mustn’t deflect more than 0.05 inches when a 10-pound load was applied to the center. It
was found that it took 42.5 pounds of force to reach a deflection of 0.04 inches. So, yes it met the
requirement, but why did it exceed it by so much? This is because the 1/8th inch aluminum chassis
that was chosen was readily available and easy to manufacture. Also, it allowed the attachment of all
the other components with threading and fasteners. In the future to save weight and get closer to
the requirement a lighter material could have been used such as a 3D printable material like PLA.
This would require another method of fastening. But, as for the current chassis, it is affective and
allows full function of the vehicle.
Finally, the control arm deflection test. This test presented a few challenges. To apply a load
at the end of the control arm there were a few methods attempted, but using a carabiner attached to
the end of the control arm seemed to be the only way that allowed the application of a large load of
10 pounds while sustaining a secure and measurable position. The only problem with this method
was that the load was not being applied at the very end of the arm as it was intended. So, the test
may not be a perfect representation of the analysis performed on it but, since it was only 0.2 inches
from the intended position, the affects should be negligible. The control arms did end up meeting
the requirement of deflecting to under 0.03 inches when a 10-pound load was applied to the end of
the arm.
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9. CONCLUSION
The LJM RC Baja teams’ goal was to design and manufacture a fully operational RC Baja car that
would be able to compete in the ASME RC BAJA competition that is being held at Central
Washington University. The components designed and manufactured for this proposal report are
the chassis and suspension. For this project to be successful the chassis must provide a stable frame
for the vehicle and allow for attachment of all components and the suspension must provide
stability and allow for maintained control over the lifespan of the RC car. There have been twelve
important analyses done in determining the design of the chassis and the suspension. These analyses
were done to ensure that the designs meet the function requirement statements above.
By having substantive engineering merit in both mechanics of materials and mechanical
design and having access to all the necessary resources to manufacture the components, the
requirements for this project to be successful have been fulfilled. The chassis and suspension
components have been conceived, analyzed, designed, manufactured, and assembled whilst meeting
both the function requirements presented. Parts were specified, sourced, and budgeted for
acquisition.
With the entire RC Baja vehicle assembled and fully operational the car was successful in
competing in the ASME RC Baja Competition in the spring quarter of the school year. Team LJM
placed in second as it performed very well in all the competitions.
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APPENDIX A - ANALYSIS
APPENDIX A-1 – MAXIMUM FORCES IN SUSPENSION ARM SECTION

Please view the following green sheet detailing the analysis over the forces acting on a section of the
suspension arm, Part A:
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APPENDIX A-1 – MAXIMUM FORCES IN SUSPENSION ARM

SECTION (CONTINUED):
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APPENDIX A-2 – DEFLECTION IN CHASSIS FROM DROP

Please view the following green sheets detailing the analysis over the deflection of the chassis when
dropped from 3 feet:
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APPENDIX A-2 – DEFLECTION IN CHASSIS FROM DROP (CONTINUED) :
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APPENDIX A-3 – MAXIMUM FORCES IN SUSPENSION ARM SECTION PART B:

Please view the following green sheet detailing the analysis over the forces acting on a section of the
suspension arm, Part B:
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APPENDIX A-3 – MAXIMUM FORCES IN SUSPENSION ARM SECTION PART B
(CONTINUED):
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APPENDIX A-4 – MAXIMUM FORCES ON FRONT GUARD/ BUMPER:

Please view the following green sheet detailing the analysis over the forces acting on a section of the
front bumper:
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APPENDIX A-5 – MAXIMUM STRESS IN FRONT BUMPER:

Please view the following green sheet detailing the analysis over the maximum combined stress at
the critical point in the bumper:
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APPENDIX A-5 – MAXIMUM STRESS IN FRONT BUMPER(CONTINUED):
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APPENDIX A-6 – A-ARM LENGTH FOR SUSPENSION ASSEMBLY:

Please view the following green sheet detailing the analysis over the maximum combined stress at
the critical point in the bumper:
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APPENDIX A-7 – STRESS ANALYSIS PART 3:

Please view the following green sheet detailing the analysis over the stress in the suspension tower
main body to find the thickness of said body:
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APPENDIX A-8 –FASTENER MAXIMUM SHEAR STRESS:

Please view the following green sheet detailing the analysis over the maximum shear stress in the
suspension tower fasteners to find the mimiamb diameter for said screw:
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APPENDIX A-9 –SHOCK SPRING K VALUE:

Please view the following green sheet detailing the analysis over the suspension spring K value
parameter.
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APPENDIX A-10 –CHASSIS COMPONENT MOUNTING HOLES:

Please view the following green sheet detailing the analysis over the location of each component
mounting hole.
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APPENDIX A-11 –CONTROL-ARM LENGTH WHEEL CLEARENCE

Please view the following green sheet detailing the analysis over the control arm length for wheel
clearance.
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APPENDIX A-12 – CONTROL-ARM DEFLECTION AND PIN STRESS

Please view the following green sheet detailing the analysis over the Control arm deflection and pin
stress. Also view the following images of the SolidWorks Simulation Figures 1 and 2.
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APPENDIX A-12 – CONTROL-ARM DEFLECTION AND PIN
STRESS(CONTINUED)

Figure 1: Control arm deflection SolidWorks Simulation.

Figure 2: Connecting pin maximum stress SolidWorks Simulation.
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APPENDIX B - DRAWINGS
APPENDIX B-1 – DRAWING TREE

Figure 1: Drawing Tree
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APPENDIX B-1-2– RC BAJA ASSEMBLY
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APPENDIX B-1-3– CHASSIS AND SUSPENSION SUBASSEMBLY
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APPENDIX B-1-4– CHASSIS SUB-ASSEMBLY
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APPENDIX B-1-5–SUSPENSION SUB-ASSEMBLY

2
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APPENDIX B-1-6–MOTOR/TRANS SUB-ASSEMBLY
This Sub-assembly was produced by the teammate Cam Jamison.
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APPENDIX B-1-7–STEERING SUB-ASSEMBLY
This Sub-assembly was produced by the teammate Cam Jamison.
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APPENDIX B-2– CHASSIS DRAWING
Please see below the drawing of the chassis or frame that will allow mounting for all other
components on vehicle.
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APPENDIX B-3– SUSPENSION TOWER DRAWING
Please see below the drawing of the device that will allow the struts to, mount to the front and rear
of the chassis.
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APPENDIX B-4– FRONT BUMPER DRAWING
Please see below the drawing of the device that will attached to the front of the chassis and protect it
from impacts to the front of the vehicle.
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APPENDIX B-5–FRONT BUMPER DRAWING (REDESIGN)
Please see below the revised drawing of the device that will attached to the front of the chassis and
protect it from impacts to the front of the vehicle.
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APPENDIX B-6–A-ARM/SWING ARM DRAWING
Please see below the drawing of the device that is attached to the chassis and suspension assembly to
allow complete functionality of suspension:
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APPENDIX B-7– SUSPENSION TOWER DRAWING V2
Please see below the revised drawing of the device that will allow the struts to mount to the front
and rear of the chassis.
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APPENDIX B-9– FRONT CONTROL ARM DRAWING
Please see the below drawing of the front control arms.
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APPENDIX B-10– FRONT SUSPENSION TOWER DRAWING
Please see below the drawing of the finalized front suspension tower.
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APPENDIX B-11– CONTROL ARM CONNECTOR DRAWING
Please see below the drawing component that connects the control arms to the chassis.
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APPENDIX B-9– REAR SUSPENSION TOWER DRAWING
Please see below the drawing of the finalized rear suspension tower.
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APPENDIX B-12– REAR CONTROL ARM DRAWING
Please see below the drawing of the finalized front rear control arm.
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APPENDIX B-13– BATTERY HOLDER DRAWING
Please see below the drawing of the battery holder.

76

APPENDIX B-14– REAR CONTROL ARM CONNECTOR DRAWING
Please see below the drawing of the rear suspension arm connector.
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APPENDIX B-13– SUSPENSION STRUT DRAWING
Please see the below drawing of the strut and spring assembly for the RC suspension. This model
was downloaded from GrabCAD and is the Traxxas #3764A Model.
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APPENDIX B-14– CONTROL ARM CLEVIS PIN DRAWING
Please see the below drawing of the clevis pin that connects the chassis to the control arms. This
was downloaded from McMasterCar.
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APPENDIX B-15– RIGHT REAR CONTROL ARM CONNECTOR
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APPENDIX B-16– LEFT REAR CONTROL ARM CONNECTOR
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APPENDIX B-17– FRONT TIE ROD

82

APPENDIX B-18– FRONT CASTER BLOCK

83

APPENDIX B-19– FRONT STEERING KNUCKLE

84

APPENDIX B-20– FRONT WHEEL AXLE

85

APPENDIX B-21– HEX WHEEL BRACKET

86

APPENDIX B-22– REAR TIE ROD

87

APPENDIX B-23– REAR WHEEL BASE

88

APPENDIX B-24– REAR SUSPENSION STRUT

89

APPENDIX B-25– REAR WHEEL BASE PIN
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APPENDIX B-26– WHEEL RIM
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APPENDIX B-26– WHEEL RIM
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APPENDIX B-27– VEHICLE BATTERY
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The following drawings are done by teammate Cam Jamison:

Appendix B-28 – Front Tie-Rod
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Appendix B-29 - Battery Bracket

95

Appendix B-30 – Gear Motor Housing

96

Appendix B-31 - Differential

97

Appendix B-32 – Connection Rod Link (steering)
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Appendix B-33 - Spur Gear Drawing

99

Appendix B-34 - Pinion Gear Drawing
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Appendix B-35 - Front Tie Rod Shaft
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Appendix B-36 - Front Tie Rod End

102

Appendix B-37 - Rod Link Connection
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Appendix B-38 - Steering Arm Pin

.
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Appendix B-39 - RC-Baja Servo

105

Appendix B-40 – RC-Baja Motor

106

Appendix B-41 – Steering Servo Cover
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APPENDIX C – PARTS LIST AND COSTS
TABLE C1. PARTS LIST (PAUL LERVICK)
Part Number Qty
Part Description
Source
Cost
PML-20-001
1 Chassis-Vehicle
Mfg
$10
PML-20-004
1 Bumper, Front
Mfg
$5
PML-20-006
1 Tower-Suspension ,Front
Mfg
$5
PML-20-008
2 Arm-Control, Front
Mfg
$2
PML-20-010
1 Connector-Arm-Control, Front
Mfg
$2
PML-20-011
2 Tower-Suspension,Rear
Mfg
$3
PML-20-012
2 Arm-Control, Rear
Mfg
$3
PML-20-013
1 Holder-Battery
Mfg
$2
PML-50-001
8 Screw-Suspension
Amazon
$5
PML-50-002
40 Screw, 8-32, 0.375
Amazon
$5
PML-50-003
40 Nut, 8-32
Amazon
$5
PML-55-001
2 Strut-Suspension, Front
Amazon
$10
PML-55-002
4 Pin-Clevis
Amazon
$2
PML-55-003
1 Connector-Arm-Control,Rear/Right Amazon
$5
PML-55-004
1 Connector-Arm-Control,Rear/Left Amazon
$5
PML-55-005
2 Rod-Tie, Front
Amazon
$5
PML-55-006
2 Block-Caster, Front
Amazon
$5
PML-55-007
2 Knuckle-Steering, Front
Amazon
$5
PML-55-008
2 Axle-Wheel, Front
Amazon
$5
PML-55-009
4 Bracket-Wheel, Hex
Amazon
$5
PML-55-010
2 Rod-Tie, Rear
Amazon
$3
PML-55-011
2 Base-Wheel, Rear
Amazon
$5
PML-55-012
2 Strut-Suspension, Rear
Amazon
$10
PML-55-013
2 Pin-Base-Wheel, Rear
Amazon
$2
PML-55-014
4 Rim-Wheel
Amazon
$10
PML-55-015
4 Tire-Wheel
Amazon
$5
PML-55-016
1 Battery-Vehicle
Amazon
$20
PML-55-017
1 Charger-Battery
Amazon
$15
Total Parts(Minus Fastners):
49 Cost Total($):
$164

Disposition
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Lervick
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 12/30/2021
Recieved 10/25/2021
Recieved 10/25/2021

TABLE C2. PARTS LIST (TEAMMATE CAM JAMISON)
Part Number Qty
Part Description
CSJ-20-001
2
TIE-ROD
CSJ-20-002
1
BATTERY BRACKET
CSJ-20-003
1
GEAR HOUSING
CSJ-20-004
1
DIFFERENTIAL
CSJ-20-005
2
CONNECTION-LINK
CSJ-55-001
1
SPUR GEAR
CSJ-55-002
1
PINION GEAR
CSJ-55-003
1
TIE-ROD SHAFT
CSJ-55-004
1
TIE-ROD END
CSJ-55-005
1
SHAFT SPRING CLUTCH
CSJ-55-006
1
STEERING ARM PIN
CSJ-55-007
1
STEERING SERVO
CSJ-55-008
1
MOTOR
CSJ-55-009
1
STEERING SERVO COVER
Total Parts(Minus Fastners):
Paul Lervick Parts:
PML-20-001
PML-20-006
PML-20-011 1
PML-20-004 1

Source
Cost
Disposition
MFG
$10
MFG
$5
MFG
$6
MFG
$5
MFG
$2
Amazon
$3
Amazon
$2
Amazon
$2
Amazon
$3
Amazon
$5
Amazon
$5
Amazon
$5
Amazon
$50
Amazon
$2
16 Cost Total ($):
$105

108
1 Chassis-Vehicle
1 Tower-Suspension ,Front
Tower-Suspension,Rear
Bumper, Front

Mfg
Mfg
Mfg
Mfg

$10
$5
$6
$5

Lervick
Lervick
Lervick
Lervick

APPENDIX D – BUDGET
TABLE D1. PROJECT BUDGET.
Item

Qty
1
2 60hrs
3
4 338hrs
5

Description
Unit Cost ($)
Total Cost($)
1 Parts
$170
$170
3D printing service
0.5
30
6061 Aluminium
1 3/16th inch sheet
5
5
Paul's Labor
23
7774
Emergency fund
100
TOTAL:
$305
ACTUAL TOTAL:
$8,079
LERVICK INDIVIDUAL PAYMENT:
$152.50

Disposition
Recieved 10/25/2021
Completed 01/20/2021
Received 01/20/2021
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APPENDIX E - SCHEDULE
PROJECT TITLE: LJM R/C Baja_
Principal Investigator.:Paul Lervick_
Duration
Est.
Actual %Comp. September October
(hrs)
(hrs)

TASK: Description
ID
1
1a
1b
1c
1e
1f
1g
1h
1i
1j
1k
1l
1m

2

PROPOSAL/REPORT WRITING
Intro
Analysis
Methods
Testing
Budget
Schedule
Project Management
Discussion
Conclusion
Drawings
Appendix
Website
subtotal:

3
20
5
10
5
5
5
5
5
10
10
10
93

7
5
5
5
5
5
5
7
5
5
5
11
70

100
100
100
100
100
100
100
100
100
100
100
100

4
3
2
2
2
2
2
2
2
2
2
2

4
2
2
2
2
2
2
2
2
2
2
2

100
100
100
100
100
100
100
100
100
100
100
100

X

X

2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k
2l

ANALYSIS
Suspension Tower Stress Anal P1
Chassis Drop Anal.
Suspension Tower Stress Anal P2
Front Impact Anal.
Front Bumper Stress Anal.
A-arm Analyisis
Suspension Tower Stress Anal P3
Fastener Stress Anal.
Suspension strut anal.
Chassis layout anal.
A-arm length analysis
A-arm and pin stress analysis

subtotal:

27

22

3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3l
3m
r

DOCUMENTATION
Part 1 Chassis Drawing
Part 2 Suspension Tower Drawing
Part 3 Front Bumper Drawing
Part 4 A-arms Drawing
Suspension Tower Rev2
Suspension Strut
Chassis mounitng location Dwg
Part 4 Mk.2 Drawing
Clevis Pin Drawing
Subassembly Chassis
Sub Assembly Suspension
Sub Assembly Suspension Chassis
Assembly R/C baja
subtotal:

10
10
5
5
5
5
5
5
5
6
5
5
5
76

5
4
2
1
2
2
2
4
1
5
4
4
5
41

100
100
100
100
100
100
100
100
100
100
100
100
100

4a
4b
4c
4d
4e
4f
4g

PART CONSTRUCTION
Acquire Aluminium chassis sheet
Manufacture Chassis Plate
3D print Suspension Tower
3D Print Cntrol Arms
3D Print Bumper
3D Print Electronic Brackets
3D Print Contol Arm Connectors
subtotal:

5
3
5
5
5
5
5
33

2
5
4
2
2
4
2
21

100
100
100
100
100
100
100

5a
5b
5c
5d
5e
5f

DEVICE CONSTRUCTION
Assemble Chassis
Assemble Suspension system
Assemble Complete Chassis and Sus.
Assemble steering system
Combine drivetrain Assembly
Refine Final Assembly
subtotal:

5
5
5
5
5
5
30

3
3
3
3
3
3
18

100
100
100
100
100
100

DEVICE EVALUATION
Test Procedures
Drop Test
Force Testing
Control Arm Test
Test Reports
Testing Pictures
Perform Evaluation

5
5
5
5
10
3
3

4
4
3
3
7
3
3

100
100
100
100
100
100
100

subtotal:

36

27

subtotal:

5
5
5
5
5
5
5
5
40

1
2
3
3
5
2
2
6
24

3

4

5

6
6a
6b
6c
6d
6f
6g
6h

7
7a
7b
7c
7d
7e
7f
7g
7h

489 DELIVERABLES
Updated Resume
Make Presentation Outline
Engineering Report
Final Presentation
Test reports
Update Website
Project USB
SOURCE Poster

Total Est. Hours=
Labor$

100

100
100
100
100
100
100
100
100

November Dec

X X X
X X X X X X X
X X
X
X X X
X X X X X
X X

January

February

March

April

May

June

X
X

X

X
X

X

X

X

X

X

X

X
X
X X X X X X X X X
X
X X X X X X X
X X

X

X

X

X

X
X
X

X

X X

X X

X

X
X
X
X
X
X
X
X
X
X
X

X
X X
X
X
X
X
X
X
X
X
X
X

X X
X
X X
X X
X X
X
X
X X
X X

X X X
X X X
X
X
X X
X

X

X X
X X
X
X
X X
X
X

X
X
X
X X
X
X
X X X

335
223
33500 22300

Figure E1. Project Gantt Chart.
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APPENDIX F – EXPERTISE AND RESOURCES
Appendix F-1: Decision matrix for the manufacturing process decision of the chassis: either 3D
printed or CNC laser cutting seen in Figure 1 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufacturing Ease
Size
Strength
Total

1
2
2
3
3
11

Best Possible Method #
Method #
3
1(3D Print) Score x Wt
2(CNC)
3
1
1
6
3
6
6
2
4
9
1
3
9
2
6
33
20
Mult
3.03
60.61

1
3
2
3
3

Method #
Score x Wt 3(Standard Machining) Score x Wt
1
1
1
6
3
6
4
1
2
9
3
9
9
3
9
29
27
87.88

81.82 Percent
76.77 Average
14.32 Std Dev.

Good Bias: Standard Deviation is two or more digits
Poor Bias: Standard Deviation is one or less digits

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better
Manufacturing Ease The less effort and time to manufacture the better
Strength Stronger better
Comments:
The CNC scored higher and was chosen because its favorable strenth,size and ease of manufacurability

Figure 1: decision matrix

Appendix F-2: Decision matrix for the material decision of the chassis: either ABS plastic printed or
AISI 1020 aluminum seen in Figure 2 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufactuing Ease
Strength
Total

1
2
2
3
8

Best Possible Method #
3
1(ABS)
3
6
6
9
24
Mult
4.17

1
3
2
1

Method #
Method #
Score x Wt 2(AISI 1020) Score x Wt 3(BalsaWood) Score x Wt
1
1
1
2
2
6
3
6
2
4
4
2
4
1
2
3
3
9
1
3
14
20
11
58.33

83.33

45.83 Percent
62.50 Average
19.09 Std Dev.

Good Bias: Standard Deviation is two or more digits
Poor Bias: Standard Deviation is one or less digits

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better
Manufacturing Ease The less effort and time to manufacture the better
Strength Stronger better
Comments:
The AISI 1020 scored higher due to its favorable strength mostly

Figure 2: decision matrix
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Appendix F-3: Decision matrix for the material decision of the A-arms and suspension tower: either
ABS plastic, PLA plastic, or AISI 1020 aluminum seen in Figure 3 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufactuing Ease
Strength
Total

1
2
2
3
8

Best Possible Method #
3
1(ABS)
3
6
6
9
24
Mult
4.17

1
3
3
2

Score x Wt
1
6
6
6
19

Method #
2(PLA)

Score x Wt
1
2
3
1

79.17

1
4
6
3
14

Method #
3(AISI 1020) Score x Wt
2
2
1
2
1
2
3
9
15

58.33

62.50 Percent
66.67 Average
11.02 Std Dev.

Good Bias: Standard Deviation is two or more digits
Poor Bias: Standard Deviation is one or less digits

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better
Manufacturing Ease The less effort and time to manufacture the better
Strength Which material has the higher yeild strength
Comments:
The major reason the ABS polymer was chosen is because it would allow the control arms and suspension tower to be strong and lightweight

Figure 3: decision matrix

Appendix F-4: Decision matrix for the manufacturing process decision of the suspension towers:
either 3D printed, woodworking, or casting as seen in Figure 4 below:
Criterion

Weight
1 to 3

Cost
Weight
Manufactuing Ease
Strength
Total

1
2
3
2
8

Best Possible Method #
Method #
Method #
3
1(3D Print) Score x Wt 2(Woodwork) Score x Wt
3(Cast) Score x Wt
3
3
3
1
1
1
1
6
3
6
3
6
3
6
9
3
9
1
3
1
3
6
3
6
2
4
3
6
24
24
14
16
Mult
4.17
100.00
58.33
66.67 Percent
75.00 Average
22.05 Std Dev.
Good Bias: Standard Deviation is two or more digits
Poor Bias: Standard Deviation is one or less digits

Weighting/Scoring Scale
1 Worst (too costly, low confidence, too big, etc.)
2 Median Values, or Unsure of actual value
3 Best (Low Cost, high confidence, etc.)
Criterion
Cost More mass is more cost
Weight Light weight scores better
Manufacturing Ease The less effort and time to manufacture the better
Strength Stronger better
Comments:
The 3D printing scored higher because it’s a much easier manufactuing proccess.

Figure 4: decision matrix
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APPENDIX G – TESTING REPORT
APPENDIX G1 – DROP TEST
Introduction:
During the testing of the RC Baja car there was a drop test, a chassis deflection test, and a
control arm deflection test. These tests were done during the spring quarter of 2022 and produced
results that are discussed in this testing report. This tests specific focus is testing the 3-foot drop
requirement of the RC car. The requirement being tested is that the suspension spring must not
compress to under 50% of its length when dropped from 3 feet. There were a few other
requirements that the drop test is related to but they would be too challenging to measure them
with the time and equipment that is here at Central Washington University. So, the parameter of
interest is made very clear in the requirement, that is the compression of the suspension coil.
The predicted performance for the drop test of the RC Baja car was that the shocks will sustain
the force from the drop as high as 3 feet. The calculations that were done to find this predicted
performance is based off Analysis 9 in section 2g. These figures show the calculations of the
specific K value that would be necessary to have a 4-inch spring only compress by 2 inches
(50%) when dropped from 3 feet having it contact each wheel and the ground at the same time.
The data was collected by using a small measuring device that attached to the suspension coil
and a slow-motion video camera that could visually see this measuring device and after review,
determine by how much the coil compressed. All of this was scheduled out and can be viewed in
the Gantt chart in Appendix G 3.5.
Method/ Approach:
The resources used to complete this test were the principal engineer (Paul Lervick) and the
following items:
• Slow Motion Recording device
• 3-foot Straight stick (ruler)
• Calipers
• Small 4-inch measuring device developed with calipers and cardboard
• Concrete or Hard ground (no carpet)
• Level
• Pencil
• Data sheet (Made for this Test)
• Computer
• Microsoft Excel file
• RC Baja Car
• Safety glasses
• Tape
This test consists of making a measuring device that can attach to the suspension coil on the car.
This measuring device is viewable clearly labeled and can be easily viewed from the front of the
RC car. There is then the slow-motion camera set up on the ground pointing toward where the
RC car is going to land when it drops, at the front of the RC car. There is a mark made on the
wall at 3 feet and the RC car is ensured that it is level each time before it is dropped. The car is
dropped 3 times while the camera is recording. The footage is then reviewed by the principle
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engineer and the coil compression data is recorded onto an excel file. The RC car is also
inspected to ensure that nothing has been damaged. This test was performed in the Machine shop
at Central Washington University in the Hogue Engineering Building. All the necessary
equipment stated above was sourced from the Engineering Building other than the slow-motion
camera. This device was the Principal Engineers iPhone 10S X max camera. The data was both
accurate and precise as the compression only varied by around 2% and it was analyzed frame by
frame to ensure the accuracy of the data. Once the data is analyzed, it is presented in a table that
shows the compressed length and the percentage of compression of the coil.

Test Procedure:
Summary:
An RC Baja Car is intended to be driven over rough terrain
overcoming obstacles such as jumps, rocks, and corners. This
procedure documents the process of simulating a jump from a
maximum height of 3 feet and obtaining necessary data to
analyze the results. Figure G-1 displays what the drop will look
like. The requirement that the suspension must meet is as
follows:

3 ft.

➢ The suspension spring must not compress to under 50%
of its length when dropped from 3 feet.
The following outlines the test procedure and information
needed to perform the Vertical Drop Test.

Figure G-1: Drop Test

Time:
The test was performed on 4/6/2020 from 8 to 10:00 in the Hogue building. 20 minutes of
collecting equipment and setting up was needed prior to testing. After the test, 10 minutes was
needed to breakdown set up and return equipment.
Place:
Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Slow Motion Recording device
• Measuring device (tape measure or yard stick)
• 3-foot Straight stick (ruler)
• Small 4-inch measuring device
• Concrete or Hard ground (no carpet)
• Scale (having a graduation of .05 lbs. or less)
• Level
• Pencil
• Data sheet (Made for this Test)
• Computer
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• Microsoft Excel file
• RC Baja Car
• 2 people
• Safety glasses
• Tape
Risk:
This test has the potential of damaging the RC Baja Car permanently. To ensure safety,
avoid touching wires when handling the vehicle when the power is on. This reduces the risk of
being electrocuted by the RC Baja Car. If failure happens during testing, flying objects could be
present. Safety glasses must be worn during the testing process.
The test procedure is as follows:
1. Collect equipment outlined above.
2. Bring equipment to Hogue. (Testing can be performed at other locations)
3. Put equipment in an easily accessible safe place.
4. Set the scale up to the RC Car can be weighed.
a. Weigh the RC Car.
b. Record the data on the data sheet.
5. Set up the measuring device.
a. Place the measuring device vertically against a wall with one end touching the
ground.
b. Take the level and put it against the measuring device to make sure it is level.
c. When the measuring device is level, use tape to tape it to the wall so it cannot
move or place tape and place it at the height of 3 ft plus the uncompressed
suspension height. (See step 7)
6. Put the RC Car 4 to 6 inches away from where the measuring device is.
a. The RC Car should be roughly centered with the yard stick.
b. The front and rear wheels should be parallel with the wall.
7. Measure the distance from the ground to the bottom of the chassis plate.
a. Record data on the data sheet.
8. Compress the suspension completely on the RC Car.
a. Record the height of the bottom of the chassis plate on data sheet.
9. Set up a small measuring device on one of the suspension coils that will be able to
measure how much the coil deflects when the RC car impacts the ground. It should be in
a position that is viewable in from the camera.
a. Cut a 2 inch by .5 inch piece of cardboard out and have.
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b. Label it with calipers as seen in figure G-2 below.

Figure G-2: Marking measurments on cardboard piece.

c. Fold the top .25 inches of it at a 90 degree angle.
d. Attach it to the suspension strut and ensure it is parallel with the suspension coil
as seen in figure G-3.

Figure G-3: Cardboard measuirng device attached to suspension strut.

10. Set up the recording device to be in slow motion.
a. The recording device should be placed close to the ground in the front so it can
see how much
11. the suspension coils compress when the RC Car hits the ground. (If using a phone and
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12. holding it, this step can be done prior to dropping the RC Car.)
13. Person 1 is to lift the RC Car up with both hands by grabbing the sides of the chassis
14. plate.
15. Person 2 is to take the straight stick and make sure the bottom of the chassis plate is at a
16. height of 3 ft plus uncompressed chassis plate height by using the measuring device as
17. a guide.
a. Remove the straight stick when the RC Car is at correct height.
18. Person 2 is to start the camera.
a. Communicate that the camera has been started.
19. Person 1 is to drop the RC car once person 2 has communicated that the camera is rolling.
20. Person 2 is to stop the camera once the car is at rest.
21. Visually inspect the RC Car
a. Visually inspect for any cracks, loose bolts, noticeable wear, etc.
b. Report if the visual inspection passes or fails on the data sheet.
c. Report any notes if needed for the visual inspection on the data sheet. (Example:
22. Noticing some scratches on the chassis plate.)
23. Watch the video in slow motion and determine when the coils are compressed the most.
Record the maximum compression of the coils.
24. Repeat steps 11-17 a minimum of three times.
25. Optional Step: Repeat steps 10-19 for another height below 1.5 ft to see how the data
26. compares.
27. Take down all equipment and make sure everything is cleaned up correctly.
28. Open Microsoft Excel on computer.
a. makes sure all the compression data is recorded on an easy-to-read table.
Note: Test can be done in desired unit system. A trial test should be performed to make sure the
car drops evenly onto all four wheels. Adjusting where the hands are holding the car will affect
how it drops.
Discussion: The drop test was done to see it the suspension met the requirement of not
compressing more than 50% of its free length when dropped from 3 feet. This was done by
recording the RC car at the floor when it met the ground in slow motion. There was a measuring
device attached to the suspension coil that the slow-motion video would be able to track and
gather data on. The RC car survived all the test and was fully functioning afterward.
Unfortunately, there was a problem with the test that may have made it loose some of its validity.
When dropping the RC car from 3 feet it would bottom out on each drop, meaning that the RC
chassis would make contact with the ground before the suspension coils could compress to 50%.
The suspension coils only compress by 28% before the car would bottom out. So, it does meet
the requirement and the suspension dissipates enough energy for any of the components on the
car to not break, but it doesn’t allow the entire compression to 50%. This can’t be fixed at this
stage of the project and is mostly due to a lack of attention to detail when initially making the
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requirement because it should have been acknowledged that the coils can only compress by 28%
before the car bottomed out.
Deliverables:
For the drop test, the calculation done to determine the compression of the suspension coil on the
RC Baja car utilized the force of the RC car on one wheel from the drop being fully translated
into the suspension coil. This analysis can be found in the section 1 analyssis asa. Through this
calculation, the maximum compression from the drop was supposed to be 50 % of the suspension
coils free length. After the test was conducted, it was found that the suspension coil could only
compress by about 28% before the RC car would bottom out which would not allow it to reach
that 50% that was calculated for. Although, the car did meet the requirement and function very
well, the analysis done for prior to this test did not consider the entire geometry of the RC car.

APPENDIX G1.1 – PROCEDURE CHECKLIST
•
•
•
•
•

Ensure the Camera is Charged
Ensure that the camera has enough storage to record large video files.
Ensure that the RC the tape is level and at 3 feet from the ground.
Ensure that the calipers used to develop the measuring device were zeroed out before use
The machine shop is available for time of testing

APPENDIX G1.2 – DATA FORM
Table G1: Coil Compression Blank Table
Trial #
Coil Compression (in)
% Compressed
1
2
3
APPENDIX G1.3 – RAW DATA
Table G2: Coil Compression Populated Data Table
Trial #
Coil Compression (in) % Compressed
1
0.5
28.6
2
0.46
26.3
3
0.51
29.1

Fucntion Test

Function Test
Pass
Pass
Pass
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APPENDIX G1.4 – EVALUATION SHEET

APPENDIX G1.5 – SCHEDULE (TESTING)
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APPENDIX G2 – CHASSIS DEFLECTION TEST
Introduction:
During the testing of the RC Baja car there was a drop test, a chassis deflection test, and a
control arm deflection test. These tests were done during the spring quarter of 2022 and produced
results that are discussed in this testing report. This tests specific focus is to determine if the
chassis met requirements set for the RC car. The requirement being tested is that the chassis must
not deflect in the center more than 0.05 inches when a load of 10 pounds is applied. So, the
parameter of interest is made very clear in the requirement, that is the deflection of the chassis in
the center.
The predicted performance for the chassis deflection test of the RC Baja car was that the chassis
will only deflect by 0.024 inches when a 20-pound load was applied at a point load to the center
of the chassis. There was a 20 lb. load used in the analysis, rather than a 10lb load, as a safety
factor of 2. The calculations that were done to find this predicted performance is based off
Analysis 2 in section 2g. The analysis performed to produce these predictions was essentially a
beam deflection analysis with equations that were derived from mechanics of materials. This
required the modulus of elasticity of the and other characteristics of the material to solve. The
test was done by having the chassis supported freely on both ends and applying a load in the
center while measuring the deflection with a feeler gauge. All of this was scheduled out and can
be viewed in the Gantt chart in Appendix G2.5.
Method/ Approach:
The resources used to complete this test were the principal engineer (Paul Lervick) and the
following items:
• 2 metal posts
• 12-inch metal (ruler)
• Calipers
• 8 6.5lb steel blocks
• Stable work bench 3ft X 5ft
• Level
• Pencil
• Data sheet (Made for this Test)
• Computer
• Microsoft Excel file
• RC Baja Car
• Safety glasses
• Tape
• Digital Scale
This test consists of having the RC baja suspended on two metal posts while a load is applied to
the center. Each weight that is applied on the center of the RC car is measued to ensure ther is
little variation in the increment of load for each trial. There was a straight level ruler laid across
the center of the chassis. So, after each load was applied the gap between the center of the
chassis and the flat level ruler signified the deflection of the chassis. This was measured using a
feeler gauge as it allowed the measurement of a very small gap. Then this was recorded using a
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green sheet and transferred to an excel sheet. The RC car is also inspected to ensure that nothing
has been damaged. This test was performed in the Machine shop at Central Washington
University in the Hogue Engineering Building. All the necessary equipment stated above was
sourced from the Engineering Building other than the camera. This device was the Principal
Engineers iPhone 10S X max camera. The data varied from the prediction slightly as the chassis
deflected much less than was required of it. Once the data was analyzed, it can be seen presented
in a table that shows the weight applied to the chassis and the measurement of deflection.

Test Procedure:
Summary:
An RC Baja Car is intended to be driven over rough terrain
overcoming obstacles such as jumps, rocks, and corners. This
procedure documents the process of simulating a large load
applied to the center of the chassis while it maintains its
structure and its attachment to all the other components and
obtaining necessary data to analyze the results. Figure G-2-1
displays what the deflection test set up should look like. The
requirement that the chassis must meet is as follows:
➢ The chassis must not deflect in the center more than
0.05 inches when a load of 10 pounds is applied

The following outlines the test procedure and information
needed to perform the Chassis Deflection Test.

Figure G-2-1: Deflection test

Time:
The test was performed on 4/20/2020 from 8 to 10:00 in Hogue building. 20 minutes of
collecting equipment and setting up was needed prior to testing. After the test, 10 minutes was
needed to breakdown set up and return equipment.
Place:
Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Camera
• 2 metal posts
• 12-inch metal (ruler)
• Calipers
• 8 6.5lb steel blocks
• Stable work bench 3ft X 5ft
• Level
• Pencil
• Data sheet (Made for this Test)
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• Computer
• Microsoft Excel file
• RC Baja Car
• Safety glasses
• Tape
• Digital Scale

Risk:
This test has the potential of damaging the RC Baja Car permanently. To ensure safety,
avoid touching wires when handling the vehicle when the power is on. This reduces the risk of
being electrocuted by the RC Baja Car. If failure happens during testing, flying objects could be
present. Safety glasses must be worn during the testing process.
The test procedure is as follows:
1. Gather all the resources stated above
2. Place the two steal supports on a flat, even, surface with them facing each other
3. Use the ruler to measure the distance between the two blocks.
a. For this chassis it should be 12.5 inches apart.
4. Ensure that the two faces of the block are parallel.
a. Use a square to make the face of each block that is facing the other is 90 degrees
from the front of the table.
5. Place the RC Baja vehicle across the gap.
a. Make sure that the chassis is placed in a way that the supports are centered
beneath the suspension towers.
6. Place two steal clocks of equal height on the chassis.
a. Measure, using the ruler
that these are placed in the
center on either side and
are equidistant from the
edge of the chassis. An
image of this can be seen in
Figure G-2-2.
b. Measure the weight of
these steel blocks using a
scale.
7. Place a straight metal ruler across
the chassis.
a. Ensure that the ruler is
being supported by the end
Figure G-2-2: Center Loading Block Placement
of the chassis and is perfectly flat
before load is applied.
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8. Weigh each bock that is used as an applied load using a digital scale.
9. Apply a steal block on to the 2 steal blocks in the center of the chassis.
10. Measure, using a feeler gauge, the gap between the center of the chassis and the flat ruler.
a. Record this value found onto the data sheet along with the weight applied.
11. Repeat steps 9 to 10 until the weight applied exceeds 40 pounds.
12. Remove everything from the RC car chassis and ensure that the car still functions by
turning it on and driving it in 3 complete circles.
Note: Test can be done in desired unit system. A trial test should be performed to make sure the
car is balanced on the support blocks. If unbalanced this could result in the weights falling and
potentially damaging the car or person testing.
Discussion: This test presented a few challenges. One was what method would be used to
accurately measure the deflection, as the deflection was very minor and too small to measure
with conventional forms of measuring. The best solution was determined with guidance from a
fellow senior project classmate, Ryan LaFrombois, who suggested to use feeler gauges. This was
the best solution and gave very accurate measurements. To meet the requirement for this test, the
chassis must not deflect more than 0.05 inches when a 10-pound load was applied to the center.
It was found that it took 42.5 pounds of force to reach a deflection of 0.04 inches. So, yes it met
the requirement, but why did it exceed it by so much? This is because the 1/8th inch aluminum
chassis that was chosen was readily available and easy to manufacture. Also, it allowed the
attachment of all the other components with threading and fasteners. In the future to save weight
and get closer to the requirement a lighter material could have been used such as a 3D printable
material like PLA. This would require another method of fastening. But, as for the current
chassis, it is affective and allows full function of the vehicle
Deliverables:
For the chassis deflection test, the calculation done to determine the deflection of the chassis on
the RC Baja car utilized a point load being applied to the center of the chassis. This analysis can
be found in the Analysis 2 in section 2g. Through this calculation, the deflection of the chassis
was supposed to be 0.024 + 0.005 inches from a load of 20 lbs. applied to the center of the
chassis. After the test was conducted, it was found that the chassis deflected by 0.020 + 0.005
inches when a load of 22.76 + 0.05 pounds was applied. This shows that the calculations done to
perform this analysis yielded accurate and precise results when compared to the test. This also
means that the chassis met the requirement of not deflecting more than 0.05 inches when a 10 lb.
load was applied in the center.

APPENDIX G2.1 – PROCEDURE CHECKLIST
•
•
•
•

Ensure the Camera is Charged
Ensure that the Chassis is balanced on supports.
Ensure that all the weights being applied to the chassis are weighed on a scale.
Ensure that the scale used for weighing is zeroed out before use.
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•
•

Ensure that the calipers used to develop the measuring device were zeroed out before use
The machine shop is available for time of testing

APPENDIX G2.2 – DATA FORM
Table G2-1: Chassis Deflection Blank Table
Weight Applied to
Center of Chassis Deflection (in.) Fucntion Test
(lb.)

APPENDIX G2.3 – RAW DATA
Table G2-2: Chassis Deflection Populated Data Table
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APPENDIX G2.4 – EVALUATION SHEET

APPENDIX G2.5 – SCHEDULE (TESTING)

125

APPENDIX G3 – CONTROL ARM DEFLECTION TEST
Introduction:
During the testing of the RC Baja car there was a drop test, a chassis deflection test, and a
control arm deflection test. These tests were done during the spring quarter of 2022 and produced
results that are discussed in this testing report. This tests specific focus is to determine if the front
control arms met requirements set for the RC car. The requirement being tested is that the control
arms must not deflect more than 0.03 inches when a horizontal 10 lb. load is applied to the front
at the wheel connection point. So, the parameter of interest is made very clear in the requirement,
that is the deflection of the front control arm.
The predicted performance for the chassis deflection test of the RC Baja car was that the front
control arm will only deflect by 0.013 + 0.001 inches when a 10-pound load was applied as a
point load to the pin at the end of the control arm that connects the wheel to the arm. The
calculations that were done to find this predicted performance is based off Analysis 12 in section
2g. The analysis performed to produce these predictions was done using finite element analysis
(FEA). FEA was used as the design for the control arms are a complex shape with cross braces to
enhance the strength and rigidity while maintaining a light weight. Using FEA, on the
application SolidWorks, enables the user to determine deflection and stress within the material
when a load is applied anywhere. The test was done by having the control arm connected on one
side to the pin that connects it to the chassis and applying a load to the end of the control arm
while measuring the deflection with a feeler gauge. All of this was scheduled out and can be
viewed in the Gantt chart in Appendix G3.5.
Method/ Approach:
The resources used to complete this test were the principal engineer (Paul Lervick) and the
following items:
• Table Vise Grip
• Square with a level attached
• Calipers
• 6 inch metal ruler
• 5 X 2 lb. steel blocks
• Feeler gauge
• Carabiner
• Small 7-inch rope
• Stable work bench 3ft X 5ft
• Pencil
• Data sheet (Made for this Test)
• Computer
• Microsoft Excel file
• RC Baja Car
• Safety glasses
• Tape
• Digital Scale
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This test consists of having the RC Baja vertically secured into a vice grip with the top of the RC
car facing up ward then applying a load to the front control arm and measuring the downward
deflection of it. Each weight that is applied to the end of the control arm is measured to ensure
there is little variation in the increment of load for each trial. There was a straight level ruler laid
across the top of the control arm. So, after each load was applied the gap between the end of the
control arm and the flat level ruler signified the deflection of the control arm. This was measured
using a feeler gauge as it allowed the measurement of a very small gap. Then this was recorded
using a green sheet and transferred to an excel sheet. The RC car is also inspected to ensure that
nothing has been damaged. This test was performed in the Machine shop at Central Washington
University in the Hogue Engineering Building. All the necessary equipment stated above was
sourced from the Engineering Building other than the camera. This device was the Principal
Engineers iPhone 10S X max camera. The data varied from the prediction slightly as the control
arm deflected slightly more than what was predicted using FEA. Once the data was analyzed, it
can be seen presented in a table that shows the weight applied to the control arm and the
measurement of deflection.

Test Procedure:
Summary:
An RC Baja Car is intended to be driven over rough
terrain overcoming obstacles such as jumps, rocks, and
corners. This procedure documents the process of
simulating a large load applied to the front of the wheel
while it maintains its structure and its attachment to all
the other front suspension components and obtaining
necessary data to analyze the results. Figure G-3-1
displays what the deflection test set up should look like.
The requirement that the chassis must meet is as
follows:

Load Applied Here

➢ The control arms must not deflect more than
0.03 inches when a horizontal 10 lb. load is
applied to the front at the wheel connection
point.
Figure G-3-1: Control Arm Deflection test

The following outlines the test procedure and information needed to perform the Control Arm
Deflection Test.
Time:
The test was performed on 5/10/2020 from 8 to 10:00 in Hogue building. 20 minutes of
collecting equipment and setting up was needed prior to testing. After the test, 10 minutes was
needed to breakdown set up and return equipment.
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Place:
Hogue Hall, Central Washington University campus in Ellensburg, WA.
Required equipment includes:
• Table Vise Grip
• Square with a level attached
• Calipers
• 6-inch metal ruler
• 5 X 2 lb. steel blocks
• Feeler gauge
• Carabiner
• Small 7-inch rope
• Stable work bench 3ft X 5ft
• Pencil
• Data sheet (Made for this Test)
• Computer
• Microsoft Excel file
• RC Baja Car
• Safety glasses
• Tape
• Digital Scale
Risk:
This test has the potential of damaging the RC Baja Car permanently. To ensure safety,
avoid touching wires when handling the vehicle when the power is on. This reduces the risk of
being electrocuted by the RC Baja Car. If failure happens during testing, flying objects could be
present. Safety glasses must be worn during the testing process.
The test procedure is as follows:
1. Gather all the resources stated above.
2. Secure the RC Baja vehicle into a vice grip as seen
in figure G-3-2.
a. Ensure that the RC car is vertically secured
with the front facing up by placing a level on
top of the flat surface on the front face of the
suspension tower.
3. Remove the front right wheel from the car by
unscrewing it and exposing the steering knuckle.
4. Attach the 6-inch metal ruler to the chassis so that it
is perfectly co linear with the top edge of the end of
the control arm.
a. Slightly unscrew the front bumper.
Figure G-3-2: Control Arm Deflection test set up
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b. Slide the ruler into the gap between the front bumper and the chassis as seen in
figure G-3-3.

Figure G-3-3: Securing the Ruler

c. Adjust so that it is perfectly co linear with the edge of the control arm.
d. Tighten and then use a level ensure that it is perfectly flat on the control arm as
seen in figure G-3-4.

Figure G-3-3: Leveling the Ruler

5. Weigh out all the steel blocks being used for applied force and record the weight on data
sheet.
6. Attach Carabiner to the end of the control arm with a small rope attached the other end as
seen in figure G-3-4.
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Figure G-3-2: Carabiner attachment to end of control arm to apply load

7. Add a 2.2-pound load to the rope that attached to the control arm.
a. Slowly let the weight down until its entirely supported by the control arm.
8. Measure, using the feeler gauge, the gap between the control arm and the metal ruler.
a. Record the weight of the load applied and the deflection onto the data sheet.
9. Repeat steps 7 and 8 until the load applied exceed 10 pounds.
10. Remove all the equipment used for this test from the RC Baja Vehicle.
a. Reattach and secure the wheel.
b. Remove RC car from the vice grip.
c. Set on ground, turn on, and drive in 3 circles and record if there is any errors in its
performance.
Note: Test can be done in desired unit system. A trial test should be performed to make sure the
car is balanced and secured in the vice from. If unbalanced this could result in the weights falling
and potentially damaging the car or person testing.
Discussion: This test presented a few challenges. To apply a load at the end of the control arm
there were a few methods attempted, but using a carabiner attached to the end of the control arm
seemed to be the only way that allowed the application of a large load of 10 pounds while
sustaining a secure and measurable position. The only problem with this method was that the
load was not being applied at the very end of the arm as it was intended. So, the test may not be a
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perfect representation of the analysis performed on it but, since it was only 0.2 inches from the
intended position, the affects should be negligible. The control arms did end up meeting the
requirement of deflecting to under 0.03 inches when a 10-pound load was applied to the end of
the arm.
Deliverables:
For the control arm deflection test, the calculation done to determine the deflection of the control
arm on the RC Baja car utilized a point load being applied to the end of the control arm. This
analysis can be found in the Analysis 12 in section 2g. Using FEA , the deflection of the control
arm was found to be 0.013 + 0.001 inches from a load of 10 lbs. applied to the end of the control
arm. After the test was conducted, it was found that the control arm deflected by 0.026 + 0.005
inches when a load of 10.16 + 0.05 pounds was applied. This shows that the calculations done to
perform this analysis may have yielded slightly inaccurate results when compared to the test.
This is likely due to some assumptions made when performing the analysis. Most notable, during
the actual test, there may have been minor deflection of the pin connecting the control arm to the
chassis. This was not accounted for in the calculations. Although it was slightly inaccurate the
control arms met the requirement of not deflecting more than 0.03 inches when a 10 lb. load was
applied to the end.

APPENDIX G3.1 – PROCEDURE CHECKLIST
•
•
•
•
•

Ensure the Camera is Charged
Ensure that the Chassis is balanced, secured and level in the vice grip.
Ensure that all the weights being applied to the control arm are weighed on a scale.
Ensure that the scale used for weighing is zeroed out before use.
The machine shop is available for time of testing

APPENDIX G3.2 – DATA FORM
Table G3-1: Control arm Deflection Blank Table

Weight Applied to
Deflection (in.) Fucntion Test
Control Arm (lb.)

131

APPENDIX G3.3 – RAW DATA
Table G3-2: Control arm Deflection Populated Data Table

Weight Applied to
Deflection (in.) Fucntion Test
Control Arm (lb.)
2.22
0.005
Pass
3.65
0.011
Pass
5.01
0.018
Pass
10.16
0.026
Pass
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APPENDIX G3.4 – EVALUATION SHEET

APPENDIX G3.5 – SCHEDULE (TESTING)
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APPENDIX H – RESUME
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